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fi , C noMomBK) cneLi,HajibHoro npeo6pa30BaHHa JTopeHii,a-Mejijiepa-H3jicoHa (JIMH) nojryHeH aaKOH npe- 

^^' o6pa30BaHHa CKopocTH H3 jia6opaTopHOH CHCTeMbi S B npoHSBOJiBHyio nocTynaTejiBHO flBHraromyiocH 

J, 1 jKecTKyro CHCTeMy OTC^ieTa s. YKasan (JsHSHHecKHit cmbicji napameTpa Bxoflamero b cnei],HajiBHoe npe- 

OJO' o6pa30BaHHe JIMH. ^,na cjiynaa Majibix co6cTBeHHbix paccToaHHit h njiaBHoro flBHJKeHHa 6e3 pbibkob 

npefljioaceno o6paTHoe cneii,HajibHoe npeo6pa30BaHHe JIMH. HpaMtiMH cjieflCTBHaMH SToro npeo6pa30- 
rsQ ' BaHHa aBjiaiOTca: a)paccHHxpoHH3aLi,Ha b CHCTeMe s KOopflHHaTHbix ^acoB stoh CHCTeMbi OTCi^eTa, npe/;- 

^ 1 BapHTejIbHO CHHXpOHH3HpOBaHHBIX B Jia6opaTOpHOH CHCTeMe 5* H 6)cOKpaiIl,eHHe JIopeHLl,a B 5* JIHHeJtKH 

\I ' CHCTeMbi s. TaKJKe paccMOTpenbi neoflHopoflHOCTb flBHJKCHHa tohck CHCTeMbi KOopflnnaT s h 3(J)4)eKT 

jf" 1 HeOflHOpOflHOCTH XOfla 4)H3Hi^eCKOrO BpeMeHH B CHCTeMe S C TO^KH 3peHHa Jia6opaTOpHOH CHCTCMbl 5. 

^— N ' HojiyneHbi ypaBHCHHa, KacaiomHeca MaTpHLi,bi noBopoTa. HaJifleH npaMoit a o6paTHbiH 3aKOH npeo6pa- 

• 1 soBaHHa ac|)c|)HHHOH CKopocTH H3 S B CHCTCMy OTC^iBTa fc, KOTopaa conyTCTByeT s, HO He BpaHi;aeTca. 

^— i». ' HoKaaaHO, mto co6cTBeHHoe BpaH],eHHe oceit s, paccMaTpnBaeMoe OTHOCHTejibHO S ne aBjiaeTca >KecT- 

^\l I KHM. TaK>Ke HOKa3aHO, HTO npH HeHHepD,HajibHOM flBHJKeHHH jiOKajibHoit jKecTKO BpaHi;aiOHi;eHca CHCTe- 

Mbi OTCHBTa KHHeMaTH'^iecKaa fle4)opMaH,Ha ee CHCTeMbi KOopflnnaT OTHOCHTCJibHO 5* OTcyTCTBycT b flByx 
njiocKOCTax. PaccMOTpeno npHMeneHHe Hpeo6pa30BaHHa acjjcjjHHHOH CKopocTH k acecTKOMy BpaH],eHHK) 
Tejia. BbiHHCJieHbi jiOKajibHbie yrjiOBaa CKopocTb h CKopocTb pacTaaccHHa rjiaBHbix oceJi. ^OKa3biBaeTca 

|r%^ I (jjopMHHBapHaHTHOCTb H cflKHCTBeHHOCTb npeo6pa30BaHHa JIMH. BbiacHena Tccnaa CBa3b co6cTBeH- 

^ ^ Hbix npeD;eccHH ToMaca h BpaHi,eHHa Enrnepa. PaccMOTpena 4-MepHaa cJjopMyjTHpoBK Hpeo6pa30BaHHH 

JIMH. HaJtfleHbi flH4)4>epeHH,HajibHbie ypaBHCHHa fljia o6paTHOH 3a/],aMH pejiaTHBHCTCKoii KHHCMaTHKH h 
Hx penieHHe fljia cjiyiaa nocToaHHoro co6cTBeHHoro ycKopenna. HoKaaaHO otjikhhc paBHoycKopenHoro 
flBHJKeHHa OT rHnep5ojiHHecKoro. ^ByMa SKBHBajiCHTHbiMH CHOCo6aMH BbiHHCjieHbi napaMCTpbi paBHO- 
ycKopeHHoit CHCTeMbi OTcneTa. HoKa3aHa B3aHMHaa KOMHeHcaD,Ha co6cTBeHHOH Hpen,eccHH ToMaca h 
co6cTBeHHoro BpaH],eHHa Enrnepa fljra cjrynaa paBHoycKopcHHoro flBHJKeHHa. TaKJKC yKa3aHbi ocHOBHbie 
cJDopMyjibi o5paTHoro npeo6pa30BaHHa JIMH BbipajKennbie Hepe3 napaMOTp, BxoflamHH b ypaBHCHHa fljia 

o6paTHOH 3aflaMH KHHCMaTHKH. 

KjiMHeBbie cjiOBa: o6o6iu,eHHoe JIopeHV,-npeo6pa306aHue, npeo6pa3oeaHue JIopeHV,a-MeAAepa-H3ACOHa, a(f>- 
cjJUHHoe deuOKCHue, AOKaAbuaM yznoeasi CKopocrrib, mensop CKopocmu decj}opMav,uu, napadoKC nacoe, napa- 
doKC 9peH(fiecma, coScmecHHasi npev,eccuM ToMaca, co6cmeeHHoe epaiu,eHue Buznepa, Mampui^a noeopoma, 
co6cmeeHHoe ycKopenue, co6cmeeHHasi yzAoeaji CKopocmb. 
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BBG^GHHe 

HeH;Hepii,HajiBHaa CHCTeMa OTCHeTa[j HBjiHiomaHCH jKecTKOiilfl b CTO oGhhho Hsy^aeTCH c noMomtio mhojkc- 
CTBa MeTo;i,OB. 0;i,hh h3 hhx, ohchij nonyjiapHbiii cnoco6 iisyHeniisi acecTKOfi ycKopeHHOii chctcmbi OTcneTa, 
HcnojiB3yiOLn,HHCH BnjiOTB pp HacTOHmero bpcmchh, saKjiiOHaeTCH b tom, hto TaKaa CHCTCMa npeflCTaBjiHCT- 
ca B BHfle 6ecKOHeHHOH nocjie;];oBaTejibHOCTH MrnoBeHHO conyTCTByiomnx HHepi^HajibHbix CHCTeM OTCieTa. 
IIpeflnojiojKeHHe o TaKoii SKBHBajienTHOCTH nasbiBaeTCH rnnoTesoH jiOKajibHOCTH (nanpHMep [2J), KOTopaa 
B ee npHMeneHHH k jiHHeiiKaM HeHHepi^HajibHoit cncTeMbi OTcneTa HSBecTHa TaK»ce xax runoTesa jiHHeeK 
(nanpHMep [3, c. 72]). 06binH0 rHnoTesoft jiHneeK h nacoB nasbiBaeTca bosmojkhoctb Toro, hto co6cTBeH- 
Hbie jiHHeiiKH H nacbi HeKOTopoii ycKopeHHOil cncTeMbi OTCHeia b ;i,aHHi>iH MOMenT BpeMCHH MoryT 6i>iTb 

aaMeneHbl COOTBCTCTByiOmHMH peKBH3HTaMH MrHOBCHHO COnyTCTByiOmefl HHepn,HajIbHOH CHCTeMbI OTCHCTa. 
^efiCTBHTejIBHO, flJIHHa MajIOfl JIOKajIBHOH 06jiaCTH b6jIH3H OKpeCTHOCTH Ha^iajia OTCHCTa T. O yCKOpCHHOH 

CHCTeMbI coBHaflacT c aHajiorHHHOii p^jiwaovL HHepH,HajibHOH chctcmbi OTCHCTa coHyTCTByromeii t. O nesa- 

BHCHMO OT COCTOHHHS flBHJKCHHH Ha6jIIOflaTejia:. TaKHM 06pa30M, B 3T0M CJiyHaC, THHOTeSa JIHHCeK H 3K- 
BHBajieHTHOCTb yCKOpCHHOH H MrHOBCHHO COHyTCTByK)n];eH HHepH,HajH>HOH CHCTCMBI OTC^^ICTa BblHOJIHSIOTCa. 
/loCTOHHCTBOM TaKOrO paCCMOTpCHHS (xOTOpOC flJIS KpaTKOCTH HaSOBCM MeTO;i,OM MCHCO) HBJIHCTCH TO. 

HTO anajiHS HCHHepn,HajH>HOH chctcmbi OTCHCTa cbo;i,htch k HayncHHio hsbccthbix cbohctb HHepn;HajibHbix 
CHCTCM. HefloCTaTKH JKC TaKoro paccMOTpcHHH BCCBMa cyn];ecTBeHHbi. Bo - nepBbix, rnnoTesa jinnecK h th- 
HOTCsa T^iacoB, HSMcpaioniHx KOopflnnaTHoe BpcMH HpHMCHHMa jiHHib fijisi floCTaTOHHO Majioii o6jiacTH [41 
4)opMyjia (34)]. Bo - BToptix, b OTHomcHHH nacoB H3Mepaion;Hx 4)H3HHecKoe BpcMH (hjih HSMepcHHH flpyrnx 

HpOH3BOflHbIX BCJIH^^Hh) rHHOTCSa JIOKajIBHOCTH HpOCTO HCBCpHa. HanpHMCp, HpOMCJKyTOK Co6cTBeHHOrO Bpe- 
MCHH B yCKOpCHHOii CHCTCMC OTCHBTa (b OTJIHHHC OT HHepn,HajIbHOH) HCOflHOpOflCH, HpOHOpn;HOHajieH BHCOTC 
TOHKH HSMCpCHHH [1, C. 303, (J^OpMyjia (84.1)]. /IpyrHM HpHMCpOM HCHpHMCHHMOCTH HOCTyjiaTa JIOKajHjHOCTH 
;i,a}KC flJIH JIOKajIBHOii o6jiaCTH SBJIHCTCS paajIHHHC B CKOpOCTHX TOHCK CHCTCMBI KOOpflHHaT yCKOpCHHOii H 

MrHOBCHHO evL coHyTCTByionieii HHepn,HajH>HOH chctcmbi OTCHCTa [3, c. 65, cJjopMyjia (6)], [T. (jjopMyjia (19)]. 
HaKOHcn; CHi,e oahhm Hcyflo6cTBOM MCTO^a MCHCO HBjiacTCH to, hto fljia OHHcanHs BHyTpenncro ^bh- 

JKCHHH HCHHepU,HajIbHOH CHCTCMBI OTCHCTa HpHXO^HTCH paCCMaTpHBaTb, HO MCHBinCH MCpC, flBC MFHOBCHHO 

coHyTCTByioniHC HHCpn;HajibHbie chctcmbi OTCHCTa fljiH 6jih3khx momchtob bpcmchh. 

/I,pyroH o6biHHbiH mcto^ Hay^^iCHHH ncpexo^a MCJKfly CHCTCMaMH OTCHCTa - sto HCHOjibsOBanHC jiOKajibHbix 

JIOpeHH,CBbIX HpC06pa30BaHHH C K034)4)Hn;HeHTaMH, B03MOJKHO 3aBHCaHI,HMH OT KOOpflHHaT H HBJiaK)HI,HMH- 

ca pejisTHBHCTCKHM aHajioroM K034)4)Hn,HCHTOB JlaMC [5J. npeo6pa30BaHHe MCJKfly HCxoflHoii h jiOKajibHofi 



T06l>IMH0 nO^ CHCTeMOH OTCHCTa B o6lI],eH TeOpHH OTHOCHTejIbHOCTH (OTO) nOHIIMaCTCH CHCTCMa Tejl (BMeCTe CO CBaSaHHM- 
MH C Ka»CflbIM H3 HHX npOH3BOJlI>HO HflyiI],HMH "^aCaMH) 3anOJIH5IiOLLl,HX npOCTpaHCTBO Hanoflo6He HeKOTopoii cpe^^bi c. 297]). 
B SToii CTaTbe CHCTeMa OTcneTa noHHMaeTca b camoM paHHeM CMticjie cneii,HajibHOH TeopHH OTHOCHTejibHOCTH (CTO)- KaK 
coBOKynHOCTB Teji, noKOHmHxcH OTHOCHTejiBHO Ha6jiiOflaTeji5i, npHMBM OTHOCHTejibHO APyr ;;pyra (b HanpaBjieHHH, nepnen^H- 
KyjTHpHOM paflHajibHOMy HanpaBjieHHio ot Ha6jiiOflaTeji5i) 3th TCjia He o65i3aTejibHO noKOHTca. CncTeMa KOop^HnaT npeflHOjia- 
raeTCH npsiMoyrojibHOH. ToMKa, b KOTopoii hokohtch Ha6jii0^aTejib CHHTaeTCH naMajiOM ii nojinocTbio onpe^ejiHCT Bce CBoficTBa 

:>KeCTKOH CHCTeMbI OTCMeTa. TaKHM 06pa30M rOBOpHT O e^HHOH CHCTCMC OTCHCTa Ha6jHO^aTejl5I. IIpH HSMCHCHHH H0J10:>KeHH5I 

Ha6jiiOflaTeji5i b paMKax CHCTCMbi KOopflnnaT nepBOHaMajibHOH chctcmbi OTCHCTa h3 Havana flo yflajiCHHOH tohkh, ero CHCTCMa 

OTCHCTa HSMCHHCTCH 3a CMCT H3MeHeHH5I CC CoGcTBCHHOrO yCKOpCHHH H CoGcTBCHHOH yrjIOBOH CKOpOCTH. 

-'-06bIHH0 JKeCTKOCTbK) B OTO HaSblBaCTCH CBOHCTBO CTau,HOHapHOCTH HpOCTpaHCTBeHHOH MCTpHKH HeHHepu,HajlbHOH CHCTC- 
Mbi OTCHCTa, T.e. ee hoctohhctbo bo BpeMCHH b Jiio6oi4 tohkc chctcmbi. >KecTKOH npn TaKOM OHpcflejiCHHH b CTO (no Bopny) 
Mo:>KeT 6biTb TOjibKO a) npoH3BOjibHO ycKopcHHaH CHCTCMa OTCMCTa, jih6o 6) paBHOMcpHO ycKopcHHasi H paBHOMcpHO Bpamaio- 
maHCH (t.c. CTaii,HOHapHaH) CHCTCMa OTCHCTa. B tom cjiynae, ecjiH coctohhhc flBH:?KeHHH TaKOH chctcmbi OTCMCTa hsmchhctcsi, 

TO npOCTpaHCTBCHHaa MCTpHKa TaiOKC MeHHCTCH H CHCTCMa OTCHCTa TCpsICT CBOHCTBO JKCCTKOCTH. B 3TOH CTaTBC :>KeCTKOCTb 
CHCTCMBI OTCHCTa HOHHMaCTCH KaK CBOHCTBO COXpaHCHHSI paCCTOHHHH HO OTHOIHCHHIO K BblflCJICHHOH TOHKC CHCTCMBI OTCHCTa: 

ee Hanajiy (pa^i^HajiBHO jKCCTKasi CHCTCMa OTCHCTa). Ecjih 3to ycjiOBHC bbihojihhctcsi, to othochtcjibho flpyrnx tohck CHCTCMa 
OTCHeTa Boo6iii;e roBopsi 6y.zi,eT hokcctkoh. 9to npHBO.zi,HT k pacniHpeHHio Kjiacca HCCjiCflycMBix chctcm OTCHCTa na (pa^najiB- 
Ho) >KecTKHe npoH3BojibHO ycKopcHHbie H npoH3BOjibHO Bpamaiomneca (HCCTaH,HOHapHbie) chctcmbi OTCHCTa. Hpn stom cjicflycT 
ynecTB, hto paflnajiBHO jKCCTKasi CHCTCMa OTCHCTa, HCCMOTpa na to, hto b CTO hct HfleajiBHO jkcctkhx tcji, Bce-TaKH hmcct 
HpaBO Ha cymccTBOBaHHC, nocKOjiBKy ^jih Jiio6oro 3aKOHa ^bhjkchhh ce nanajia OTCHCTa othochtcjibho HHepLi;Hajii>HOH chctc- 
mbi Bccr^a MOJKHO yKa3aTB TaKoii 3aKOH .zi,bh>kchh5i ee ^pyrnx tohck, hto coGctbchhoc paccTOHHHC ot stoh tohkh .zi,o nanajia 
OTCHCTa 6yfleT coxpansiTBCH. 



HHepn,HajIbHbIMH CHCTCMaMH OTCHBTa HBJiaeTCH HerOJIOHOMHMM. MaTeMaTHT^eCKHM H 4)H3HHeCKHM flOCTOHH- 

CTBOM SToro MCTOfla aBjiaeTca pacnpocTpaneHHe annapaia jiokejibhijIx jiopeni^eBbix npeo6pa30BaHHH BOo6me 
Ha jiio6bie CHCTeMbi OTcneTa Heo6H3aTejii>HO HEjiHromiiecH jkcctkhmh. KpoMe Toro stot Meiofl npHMCHHM xax 
B CTO, TaK H B OTO. 

9th mbto^i - He eflHHCTBeHHbie MeTOflti HsyneHHa jkcctkhx HeHHepH,HajH3Hbix CHCTeM OTCHCTa b CTO. 
En;e o^hh cnoco6 aaKjuonaeTCH b HCHOJiBSOBanHH oco6oro rjioSajibHoro rojiOHOMHoro Hpeo6pa30BaHHH ocTaB- 
jiHiom,ero Tenaop kphbhshbi 4-npocTpaHCTBa HeHSMeHHbiM h paBHbiM nyjiro. ^aHHaa CTaibH npHMenaeT HMen- 
HO 3T0T MeTOfl. IIInpoKO HSBecTHbiM npHMepoM TaKoro npeo6pa30BaHHH HBjiJieTCH npeo6pa30BaHHe JIopeHn,a 
[5] CBssbiBaromee ^bc HHepLi,HajibHbie CHCTCMbi OTcneTa. ^pyrHM npHMepoM HEjiaeTCH npeo6pa30BaHHe Meji- 
jiepa B HepaBHOMepno flBHJKymyiocH no npHMOii jihhhh jKecTKyro HeHHepLi,HajibHyio CHCTCMy OTcneTa [7] . fl^nsi 
npoHSBOjibHbix jKecTKHx CHCTeM OTCHBTa flaHHOC npeo6pa30BaHHe ohcbhaho aojokho OTjimaTbca ox 3thx 
npeo6pa30BaHHH. Oho npeflCTaBjiaeT coGoii 6ojibniOH npHHu,HnHajibHbiH HHTcpec h 6bijio otkpmto Hsjicohom 
[8] , [9] . Ero (|)H3HH:ecKHH cmhcji 3aKjiiOHaeTCH b nepexofle h3 jia6opaTopHOH HHepD;HajibHOH CHCTCMbi OTCHCTa 
S : (T, R) B >KecTKyio npoH3BOjibHO ycKopcHHyio h npoH3BOJibHO BpamaiomyiocH HeHHepii,HajibHyio chctb- 
My OTCHBTa s' : (i, r) . nepBOHa^^iajibHO oho nojiy^Hjio Ha3BaHHe o6o6Hi,eHHoro Jlopenn, - npeo6pa30BaHHH 
[5]. Ho 3T0 npeoSpasoBaHHe, 3aHHcaHHoe b OKOHHaTejibHoii 4)opMe Hsjicohom, o6o6m,aeT HCCjieflOBanHH ero 
npe;],mecTBeHHHKOB: JIopeHLi,a h Mejijiepa (cm. ^ajiee nanajio n. 1) h ho CHpaBe/i,jiHBOCTH aojijkho hochtb hx 
HMH. TaKHM o6pa30M, ;i,ajiee pjia KpaiKOCTH oho 6yfleT HMenoBaxbca o6hi,hm npeo6pa30BaHHeM JIMH. 

06Hi,ee npeo6pa30BaHHe JIMH npoflejibiBacTca: b flBa siana. 

Ha nepBOM STane napaMCTpoM Hpeo6pa30BaHHH CBa3biBaioni,ero jiaGopaxopnyio HHepH,HajibHyK) CHCTCMy 
OTCT^iexa S h HeHHepn,HajibHyio CHCxeMy s sBjiaeTca Bcero o^na BejiHHHHa v(i) (saBHcan^aa ot BpeMCHH t 
CHCTCMbi s), nosTOMy opSnTajibHoe flBHsceHHe s mo>kho Ha3biBaTb HOCTynaTCjibHbiM. OflnaKO 0Ka3biBaeTca, 
HTO CHCTCMa OTcnexa s xpoMC coGcTBennoro ycKopenHa hmcct eHi,e h ncKOTopoe coGcTBennoe BpaHi,eHHe 
[8], KOTopoe aBjiaeTca coGcTBenHofi npen,eccHeH ToMaca. HpH stom nacTOTa STOit HpeH;eccHH CHCTCMbi s 
3aBHCHT OT xapaKTcpa ee opGnTajibHoro flBHSKCHHa. Hpeo6pa30BaHHe cooTBCTCTByioniee STOMy nepexofly, 
;i,ajiee Gy^CT Ha3biBaTbca cneH,HajibHbiM (hjih nacTHbiM) Hpeo6pa30BaHHeM JIMH, htoSh OTjiHHHTb ero ot 
o6Hi,ero npeo6pa30BaHHa, b MaTCMaTHHecKyio 4)opMy KOToporo bxc^ht en],e h MaxpHH^a Bpamenna. 3a6eraa 
Bnepefl yKajKCM, hto napaMCxp v(i), aBjiaexca CKopocxbio nanajia oxc^iexa s, ho hc ocxajibHbix tohck ee 

CHCXCMbl KOOpflHHaX. B CBa3H C 3THM oGcTOaXCJIbCXBOM B03HHKaiOX flBa BOHpOCa: 1) C06cTBeHHbie XOHKH 

KaKOH CHCxeMbi OTcneTa hmciot CKopocxb aBjiaiomyioca napaMCxpoM CHeH,HajibHoro Hpeo6pa30BaHHa JIMH 
H 2) KEKyio JKC CKopocxb B 3aBHCHM0cxH OX HapaMcpa v(i) HMCiOT co6cTBeHHbie TOHKH CHCxcMbi oxc^^iexa s. 
OxBCXbi Ha 3TH Bonpocbi 6yflyx flanbi b n. 1, ho HpeflBapnxejibHO fljia sxoro noTpe6yeTca 1) hehxh HpaMoii 
H oSpaxHbiii saKOH cjiosKCHHa CKopocxeii h 2)flOKa3axb, ^^ixo v(i) ne aBjiaexca CKopocxbio xohck CHCxcMbi s. 
ninpoKO H3BecxH0, Hxo B cjiynae, Kor^a s aBjiaexca HHepD;HajibHOH chcxcmoh oxcnexa cymecxByiox xpn 
ocHOBHbix KHHCMaTHHecKHx scJxJjeKxa. 3x0 coKpani;eHHe fljiHHbi OHxn^iJKepajibfla - JIopeHn,a, 3aMefljieHHe 
BpeMCHH H oxHOCHxejibHOCXb oflHOBpeMCHHOCxH 3HHnixeHHa. HeHHepn,HajibH0cxb cncxcMbi oxcnexa, BOoGme 
roBopa, BjiHaex na 3xh scJxJjeKXbi, necKOjibKO HSMcnaa hx BCjiHHHHy [4], |10) . Te >Ke caMbie scJjcJDCKXbi cyme- 
cxByrox H B HCHHepH^HajibHOM cjiynae, ho pjia bpcmchh Heo6xo/;HMO ox/i;ejibHO paccMaxpHBaxb KOopflHHaxnyio 
H 4)H3HHecKyio paccHHxpoHH3aH,Hio nacoB. KpoMC xoro k sxoMy CHHCKy eme ;],o6aBjiaexca 3(J)(|)eKx neoflHO- 
poflHOCxH flBHJKCHHa xoHCK CHCxcMbi KOopflHHax ycKopcHHOH CHCxcMbi oxcHCXE. Tpe6yexca xaKJKC ynecxb, 
Hxo KajK^biH scJxJjeKT Heo6xoflHM0 paccMaxpHBaxb KaK oxnocHxejibHO CHCxcMbi oxcnexa s, xaK h oxnocHxejib- 
HO S, HOCKOjibKy B pejiaxHBHCTCKOM cjiynae pe3yjibxaxbi nojiynaiOTca pa3HbiMH. B [111 cjjopMyjibi (4), (13)] 
;i,jia npoH3BOjibHOH CHCxcMbi s SbijiH pacMOxpcHbi 2 34)4)eKxa: a) seJjcjaeKx paccHHxpoHH3aH,HH b jia6opaTop- 

HOii HHepU,HajIbHOH CHCXCMC OXCHCXa KOOp^HHaXHblX naCOB HOKOamHXCa H CHHXpOHH3HpOBaHHbIX B CHCTCMC 

s H 6) 3(|)4)eKx jiopeHn,eBa coKpaniCHHa fljiHHbi jinneflKH CHCxcMbi S oxnocHxejibHO CHCxcMbi s. B [4], |10| 
flJiR cjiynaa HpaMOjinneiiHoro flBHJKCHHa s 6bijiH paccMOxpenbi 4 scjaefjCKxa: a) neoflHopoflHOCXb flBHJKenHa 
xoHCK CHCTCMbi KOopflHHax s, 6) coKpaHi,eHHe JIopeHn,a b S jinneiiKH s, b) paccHHxpoHH3an,Ha b chcxcmc s 

KOOpflHHaXHblX HaCOB 3X0H CHCXCMbl OTCHCXa HpCflBapHXejIbHO CHHXpOHHSHpOBaHHblX B Jia6opaXOpHOH CH- 
CTCMC, r) paccHHxpoHH3aH,Ha b S ^lacoB H3MepaioiLi;Hx 4)H3HHecKoe BpcMa b ycKopenHofi chcxcmc oxcnexa. 
Heo^HopoflHOCTb flBHJKeHHa tohck chctcmbi KOopflHHaT s paccMaxpHBajiacb xaKJKe b ^ c. 65, 4)opMyjia 
(6)]. I^ejib H. 2 3TOH CTaTbH 3aKjHOHaexca b OHpe;i,ejieHHH xex jkc, hto h b [4], |10) 34)4)eKT0B b 3aBHCHM0- 



CTH OT co6cTBeHHoro ycKopenHH, ho fljia cjiynaa npoHSBOJitHoro ^BHJKeHHii CHCTeMbi s. ^jih flOCTHJKenHH 
STofi ii,ejiH OKasbiBaeTca Heo6xoflHMijiM nafiTH npeo6pa30BaHHe o6paTHoe k cnen,HajibHOMy npeo6pa30BaHHio 
JIMH. y»{e BCjieflCTBHe 3toh npHHHHbi /i,aHHoe npeoSpaaoBanHe BbisbiBaeT 6ojibmoH HHTepec. MaieMaTH- 
HecKaH (JjopMa nacTHoro npeo6pa30BaHHH JIMH, b OTjinnne ot o6biT^Horo npeo6pa30BaHHa Jlopeni^a, HMeeT 
HejiHHeiiHbiH bh^, nosTOMy naxojK/ieHHe o6paTHoro k neiviy npeoGpaaoBaHHH ne HBjiaeTCH npocTbiM. TeM ne 
Menee, orpaHHT^HBaacb paajiojKeHHCM c tohhoctbio flo BToptix CTeneneii co6cTBeHHbix KOopflHHaT CHCTeMbi 
s BKjiiOHHTejibHO HaiiTH o6paTHoe npeo6pa30BaHHe OKasbiBaeTca bosmojkhbim. 

BTopoH 3Tan oGmero npeoGpasoBaHHs JIMH saKjiiOHaeTca b nepexofle bo BpamammyiocH c flonojiHHTejiB- 
Hoii yrjiOBOii CKopocTbio BOKpyr nanajia OTcneTa s CHCTeMy OTcneia s' [S]- 3to npeo6pa30BaHHe npoHSBO- 

flHTCH flJIH TOrO, HT06bI o6eCneHHTb npOHSBOJIbHOCTb BOSMOJKHOH C06cTBeHH0H yrjIOBOH CKOpOCTH CHCTCMbl 

s', T.e. ee neaaBHCHMOCTb ot napaMeipa xapaKTepHsyiomero ee flBHJKenHe no op6HTe. ^BHJKeHHe oceit Koop- 
flHHaT CHCTCMbi OTCHBTa s' OTHOCHTejibHO 5' OHHCbiBaeTca c noMombK) npeoSpasoBaHHH JIMH h npoHCxoflHT 
KaK flajiee b n. 4 Gy^eT noKasano cjioskhbim o6pa30M, c o6o6Ln,eHHOH yrjiOBOii CKopocTbio sBjiHromefiCH ne 

aHTHCHMMeTpHHHblM npOCTpaHCTBCHHIjIM TCHSOpOM 2 paHPa, a TCHSOpOM o6merO BHfla. 

/JaHHoe oGcTOHTejibCTBO jierKO noKaaaTb. 5Icho, ^to coGcTBenHoe jKecTKoe Bpameniie lejia flajKe b Hnep- 
Li,HajibHOH CHCTeMe OTCT^ieia (ne roBopa yjKe o HeHHepD,HajibHOH CHCTeMe s') OTHOCHTCjibHO S hcbosmojkho. 
fleiicTBHTejibHO, ecjiH MHOJKecTBO coGcTBCHHbix TOHCK He flBHJKymeitcH, ho Bpam;aion;eHca cncTeMbi Koop- 
;i,HHaT OTHOCHTejibHO coHyTCTByromeii HHepu^HajibHOH cncTeMbi OTcneTa ecTb OKpyjKHOCTb, to OTHOCHTejibHO 
;i,pyroH HHepn;HajibHOH CHCTCMbi OTCieTa sto MHO>KecTBO Tonex BCjie^CTBHe coKpan^enHH JIopeHn;a ecTb aji- 
jiHHC, B KOTopoM, KaK H3BecTH0, paccTOHHHe OT TOHKH 3jijiHnca flo ero n,eHTpa saBHCHT ot KOHKpeTHoro 
HaHpaBjieHHH. Ha 3to o6cT0HTejibCTBO b HpHMenenHH k Hpen,eccHH CHCTeMbi s' OTHOCHTejibHO S noncMy-TO 
^o CHx Hop He o6pan];aeTCH BHHManHa (sa HCKjiiOHeHHeM neflaBHero HCCjieflOBanHa C. C. CTenanoBa |12)). 
EcjiH JKC eme ynecTb, hto CHCTCMa s' MOJKeT 6biTb ne oSasaTejibHO jKecTKOii, to bbibo/i, o cjiojkhocth abh- 

HCeHHH TOHCK CHCTCMbi KOOpflHHaT s' OTHOCHTejibHO S HOHTH OHeBHflCH. TaKHM o6pa30M Ii;ejlb H. 3 3TOH 

CTaTbH 3aKjiiOHaeTca: b yKaaannn ypaBHCHHii KacaiomHxca: MaTpHn;bi co6cTBeHHoro BpameHHa othochtcjibho 
jia6opaTopHOH chctcmh OTcneTa S. MaTCMaTHHecKH flaHHaa n,ejib CBOflHTca k 3aflaHe HaxosKflCHHa nepBoii 

HpOH3BOflHOH HO Jia6opaTOpHOMy BpeMCHH OT MaTpHn;bI Hpeo6pa30BaHHH CHCTCMbi KOOpflHHaT S B s' . 

B CTaTbe [121 cJDopMyjra (14)] Smje bbihchch Bonpoc o tom, Kax H3MeHHeTca: OTHOCHTCjibHO chctcmh S 

HOKOHniHHCH B yCKOpCHHOH CHCTCMC OTCHCTa CTCpJKCHb. HnaHC TOBOpS, B 3T0H pa60Te 6bIJia BblHHCJICna 
acJDcJjHHHaH CKOpOCTb CTCpjKHS B CHCTCMC S. MoiKHO HOCTaBHTb 60JICC o6h1;HH BOHpOC O TOM, KaK H3MCHa- 
CTCH CTCpjKCHb B S, CCJIH B CHCTCMC OTCHCTa CBH3aHH0H C CrO 3aflHCH TOHKOH OH CaM o6jiaflaCT acJjCJjHHHOH 
CKOpOCTblO. BblHCHCHHC 3TOrO BOHpOCa, T. e. SaflaHH 3aKJIIOHaiOIIi;CHCH B BblHHCJICHHH CBH3H Hp0H3B0JIbH0r0 
acJDcJjHHHOrO HCJKCCTKOrO flBHJKCHHH BHyTpH CHCTCMbi S H 3TOrO JKC flBHJKCHHJI, HO OTHOCHTCjibHO Jia6opaTOp- 

Hoii CHCTCMbi OTCHCTa iS* 6y;i,CT ii;cjibio h. h. 4 h 5. 0Ka3biBacTCH, oflnaKO, hto cooTBCTCTByiomnc 4)opMyjibi 

HCCKOJIbKO ynpOmaiOTCH, CCJIH paCCMaTpHBaTb ABHJKCHHC TOIKH HC OTHOCHTCJIbHO S, a OTHOCHTCjibHO CHCTC- 
Mbi OTCHCTa fc, KOTopaa MrnoBCHHO conyTCTBycT chctcmc s h och KOTopoft mfhobchho coBna^aiOT c ochmh 

S, HO HC HMCIOT Co6cTBCHHOrO BpaiLI,CHHH. 

3>opMyjibi Hpco6pa30BaHHa a4)4)HHHOH CKopocTH sbjihiotch cjic/;ctbhcm Hpco6pa30BaHHa JIMH h HOjiy- 

HCHHOC HpOTHBOpCHHC C pCajIbHOCTblO, 6yflyHH yCTanOBJICHHblM, HpSMO CBHflCTCJIbCTBOBajIO 6bl O CrO HCKOp- 
pCKTHOCTH. CjICflOBaTCJIbHO, (JjOpMyjIbI HOJiyHCHHbIC B pa3flCJIC 5 HC06X0^HM0 HpOBCpHTb Ha KaKOM-HH6yflb 
flOCTaTOHHO HpOCTOM HpHMCpC. B Ka^ICCTBC TCCTa yflo6HO HCH0JIb30BaTb 3a/I,aHy O JKCCTKOM (b CHCTCMC S) 

BpamcHHH TCjia. Bbi6op hmchho 3toh 3aflaHH o6ycjiOBjiCH tcm, hto yrjiOBaa CKopocTb h CKopocTb pacTaace- 
HHH rjiaBHbix occii fljiH HCKOTopoii jiOKajibHoii o6jiacTH paBHOMcpno BpamaiomcrocH flHCxa flaBHO H3BCCTHbi. 
JIoKajibHaa yrjiOBaa CKopocTb paBHOMcpno Bpamaiomcitca jkcctkoh chctcmh OTCHCTa 6bijia bhcpbhc bh- 
HHCJicna B pa6oTC [13] h flajicc HCOflHOKpaTHO HcpeoTKpbiBajiacb (nanpHMcp |14[ c. 59]). Ko3(]34)hii,hcht jkc 
pacTajKCHHH H3BCCTCH H3 o6T)iiCHCHHa: TaK Ha3biBacMoro HapaflOKca SpcHcjjccTa. CorjiacHO 3TOMy napa^OK- 

Cy [15J HpH yBCJIHHCHHH yrjIOBOH CKOpOCTH BpamCHHH ^HCKa, CrO HCpHMCTp B CHCTCMC S H3-3a COKpain,CHHH 

JIopeHH,a flpjiyKen yMCHbHiHTbca, hto ^ojijkho aKo6bi hphbccth k yMCHbrncHHio cro pa3McpoB. Pa3T.jiCHCHHe 
3Toro HapaflOKca cboahtch k TOMy, hto p^vlck iiCHbiTbiBacT co6ctbchhoc jioxajibHOC TaHrcHii;HajibHOC pac- 

THJKCHHC HOJIHOCTblO KOMHCHCHpyiOIII,CC JIOpCHIjeBO COKpaiII,eHHC, TaK, TITO B pC3yjIbTaTC pa3MCpbI flHCKa B 
CHCTCMC S OCTaiOTCa HCH3MCHHbIMH [Ij C. 68, C. 296]). BblHHCJICHHC flaHHHX BCJIHHHH OCyHI,eCTBJIJICTCH B H. 



6. 

SaneM jkc BOo6LLi,e Tpe6yeTca paccMOTpeHne TRKoro, no cpaBHCHHio c o6biHHbiM npeo6pa30BaHHeM Jlopen- 
Li,a, TexHHHecKH cjio>KHoro npeo6pa30BaHHH Kax npeoSpaaoBaHne JIMH? Bo-ncpBbix, o6mee npeo6pa30BaHHe 
JIMH HHTepecHO Tern, hto HBjiaeTCH ochoboh pejiHTHBHCTCKOit KHneMaTHKH b neKOTopofi npHBHjierHpoBaH- 
Hoit CHCTeMe 4-KOopflHHaT (KOopflHnaT Hajicona) onHCbiBaiomeH »cecTKyio ycKopeHHyro h BpamaiomyEacH 
CHCTeMy OTcneTa. TaxHMH KOop/],HHaTaMH HBjiaiOTca flCKapTOBbie TpexMepnbie KOop/],HHaTbi h neKoe Koop- 
;i,HHaTHoe BpeMH, b KOToptix 4-HHTepBaji hmbct oco6o npocToii bh^ (cm. ^ajiee Hanajio 1 pasflejia, (JjopMyjia 
^). IIpH 3T0M MeTpHKa, cjieflyiomaH h3 SToro npeo6pa30BaHHH, yflOBjieTBopaeT npHHLi,Hny o6iii;eH 4)opMHH- 
BapHaHTHOCTH |16| . T.e. KaK pa3 HBjiaeTca MeTpiiKoii jKecTKOit ycKopeHHOii h BpamaiomeiicH CHCTeMbi OTcneTa 
(cm. [171 c. 404, 4)opMyjia (13.71)] c nonpaBKOfi na OTcyTCTBne b CTO KpHBH3Hbi npocTpaHCTBa-BpeMCHH) . 
JhoGoe flpyroe npeo6pa30BaHHe KOopflnnaT h BpeMenn ne HBjiaromeecH c tohhoctbio flo 3aMeHbi chctcmm 
3-KOopflHHaT npeo6pa30BaHHeM JIMH h noHHMaeMoe KaK npeoGpasoBaHne CBHStiBaiomee flBHJKymyiocH h 
noKoamyiocH chctcmbi OTCHCTa npHBCflCT k HHiepBajiy fljiH chctcmbi OTCHCTa s ne HMeiomeMy cxporo onpe- 
flejiCHHoro BHfla h, cjie^OBaTejiBHO, flannaH cncTCMa OTC^eia 5y/i,eT HCiKecTKOH. 

^pyrHM apryMCHTOM "sa" HBjiaeTCH coBna^eHne He3aBHCHM0 BbiHHCjieHHoro co6cTBeHHoro ycKopcHHa c 
co6cTBeHHbiM ycKopeHHCM cjieflyiomHM h3 cneLi,HajibHoro npeo6pa30BaHHH JIMH, hto noKa3aji eme Hsjicoh 
[8, 4)opMyjia (8)]. 

KpoMC Toro co6cTBeHHbie ycKopcHHC h yrjiOBaa CKopocTb CHCTCMbi s yMHOJKeHHbie na Majibifl npoMCJKyTOK 

BpeMCHH St CHCTCMbl S COBHaflaiOT C HCSaBHCHMO BblHHCJieHHbIM MCTOflOM MCHCO rcHepaTopoM hh4)hhh- 

TCSHMajibHoro npeo6pa30BaHHa JIopeHLi,a CBa3biBaioiii;ero flpe MrHOBCHHO conyTCTByiomHe s HHepii,HajibHbie 
CHCTeMbi OTC^eTa b MOMenTbi t n t + St KaK yKa3aH0 b [181 3aflaHa 3.26]. 

3thm ;i,aHHbie npuHUHbi, no6yjKflaiOLn,He CHwiaib npeo6pa30BaHHe JIMH (J)yH;i,aMeHTajibHbiM h HaflejKHO 
ycTaHOBjiCHHbiM, He HCHcpHbiBaiOTca. TaK, xopomo H3BecTH0 (nanpHMcp ^19. c. 44]), hto hhctoc npeo6pa- 
30BaHHe JIopeHi],a npn 6ycTe ne o6pa3yeT rpynny. FpynnoH aBjiaeica coBOKynnocTb 6ycT0B h coGcTBennbix 
noBopoTOB. JXjir oSbiHHoro npeo6pa30BaHHa JIopeHn,a nocjieflOBaTCjibHoe BbinojiHCHHe 6ycTOB (rHnep6ojiH- 
HCCKHx noBopoTOB) B pasjiHHHbix HanpaBjiCHHax ne aBjiacTca 6ycT0M h fljia Toro, htoSbi KOMno3Hn,Ha 6ycT0B 
CTajia 6ycT0M, nyxcHO ee eme flOMHOSKHTb na HCKyio co6cTBeHHyK) «noflKpyHHBaK)iii;yio» MaTpHi];y. CaM jkc 
^onojiHHTejibHbiH noBopoT (KOTopbiii cjiepyei Ha3biBaTb co6cTBeHHbiM noBopoTOM BHrnepa) OTHOCHTejien, 
T.e. 3aBHCHT OT BCJiHHHHbi H HanpaBjiCHHa 6ycTa, h ^aBHO BbiHHCJien j20| . [21) . |22[ cJDopMyjia (20)]. B cbb- 
3H c 3THM Tpe6yeTca npoBepHTb Gy^CT jih (JjopMHHBapHaHTHbiM npn 6ycTe o6mee npeoGpasoBaHne JIMH h 
cpaBHHTb BbiHHCjieHHbiH yroji co6cTBeHHoro noBopoTa npn 6ycTe c yjKC H3BecTHbiM. ^annbie Bonpocbi 6yflyT 
paccMOTpcHbi B pa3flejie 7, a TaKJKC 6yfleT noKa3aHa cflHHCTBeHHOCTb npeo6pa30BaHHa JIMH. 

HaKoneu,, eme oflHHM flOBOflOM b nojib3y cnpaBefljiHBOCTH npeo6pa30BaHHa JIMH aBjiacTca corjiacne c 
H3BecTHbiM TCTpaflKbiM MCTOflOM [171 c. 216, H. 6.5] H npcKpacHoe coBnaflCHHe o6iii;ero npeo6pa30BaHHa JIMH 
B HCTbipexMepHOM BH^e c ypaBHeHHeM [171 c. 219, 4)opMyjia (6.16)] (cm. TaKJKC neflaBHHe HCCJiCflOBanHa [23] 
pa3fleji 2 flo 4>opMyjibi (10)], [241 paspfiji 2]). B pa3flejie 8 6y;i;eT paccMOTpeno npe^CTaBjieHHe npeoGpaso- 
BaHHa JIMH b 4-MepHOH (J)opMe. ^pyroii Li;ejibio SToro pa3flejia aBjiacTca yKa3aHHe TCTpaflHoro 4-MepHoro 

CMblCJia C06cTBeHHbIX XapaKTCpHCTHK CHCTCMbl OTCHBTa. 

KpoMC H3yHeHHa cocTaBHbix flpwxeBMM (t. e. flBHJKeHiiii b AByx B3aHMH0 nepeMemaiomHxca CHCTCMax 

OTCHCTa) y pejiaTHBHCTCKOii KHHCMaTHKH KaK HayKH HMCIOTCa 2 OCHOBHbie 3a,p^aMM. ECJIH H3BeCTHbI 4)yHKLi;HH 

v(i) onpeflejiaiomaa nocTynaTCJibHoe flBHJKCHHe jKecTKOit HeHHepiinajibHOH CHCTCMbi OTCHCTa s' h MaTpni^a 
co6cTBeHHoro BpameHHa KaK 4)yHKLi,HH co6cTBeHHoro BpeMCHH i, to tcm caMbiM H3BecTHbi h ee co6cTBeHHbie 
xapaKTcpHCTHKH, T.c. co6cTBeHHoe ycKopcHHC H yrjiOBaa CKopocTb. 3Ty 3a;i,aHy onpeflejieHna co6cTBeHHbix 
xapaKTcpHCTHK npoHSBOJibHOH CHCTCMbi OTCHCTa no H3BecTHbiM napaMCTpaM Ha30BeM npaMoft hjih rjiaBHOii 
saflanett KHneMaTHKH. B paa^ejie 1 6y;i,eT noKasano KaK pemacTca npaMaa 3a^aHa KnneMaTHKn fljia cneu,H- 
ajibnoro npeo6pa30BanHa JIMH (cm. (JaopMyjibi (jlOp. (|lip ). a b n. 9 - fljia o6n];ero npeo6pa30BaHHa JIMH 
(cm. (JjopMyjibi p99p . (|200p ). Tor;i,a o6paTHaa safiana KHneMaTHKH coctoht b naxojKflennH napaMCTpon nan- 
6ojiee o6ni,ero npeo6pa30BanHa JIMH b rpynny Bcex neHnepu,Hajibnbix chctcm OTcneTa HMeromHx sa^annoe 
co6cTBennoe ycKopenne n co6cTBennyK) yrjiOByro CKopocTb. Pojib ;i,annoH sap^aMn b 4>H3HKe saKjironacTca 
B TOM, nTO Bce TaKne nanflennbie cncTCMbi OTCHCTa c o^nnaKOBbiMH xapaKTcpncTHKaMH 6yflyT oGjia^aTb 
o;i,HnaKOBbiMH CBOiicTBaMH, T. e. pjia nnx 6yfleT BbinojinaTbca o6o6ni,ennbiH npHnu,Hn OTnocHTCjibnocTH A. 



A. JIoryHOBa ^ c. 126]. 

06HHHoe peineHHe o6paTHOH safla^^iH KHHeMaTHKH b KjiaccHHecKoii MexannKe aaKjnonaeTCH b nepBona- 
najiBHOM pemeHHH ypaBHCHiiH fljia MaTpHn,Bi co6cTBeHHoro BpameHHH h noflCTanoBKe nojiyHCHHoro peinenHH 
B ypaBHCHHe onpeflejiaiomee coGcTBeHHoe ycKopeHHe. B pejisTHBHCTCKOM cjiynae TaKoii no/i,xo/i, k o6paTHOH 
sap^ene HenpaBHjien, nocKOjibKy oh ne npHHHMaeT bo BKHManne najiHHHe coGcTseHHOH npei];eccHH ToMaca y 
HeHHepD;HajibHOH CHCTeMbi OTCHeia s ^BHraiomeiicH nocTynaTejiBHO. MejKfly TeM, co6cTBeHHOH npei^eccHeit 
ToMaca npH pejiHTHBHCTCKHx CKopocTHx npeHe6peHb nejibSH. IIpefljiaraeMbiH b pas^ejie 9 nopaflOK peineHHH 
o6paTHOH saflaHH KHHeMaTHKH ocHOBbiBacTca Ha rojiOHOMHOM o6Hi,eM npeo6pa30BaHHH JIMH aBTOMaTH^^ecKH 
yHHTbiBaiomHM co6cTBeHHyio HpeLi;eccHio ToMaca. 

Ytohhhm, hto h b KjiaccHHecKOM, H B pejiHTHBHCTCKOM cjiyHaHx npH pemeHHH aa^an KHHeMaTHKH hmbct- 
CH HCKOTopoe MaxeMaTHHecKoe Heyflo6cTB0, saxjiiOHaiomeecH b tom, hto xapaKTepncTHKH HeHHepD;HajibHOH 
CHCxeMbi OTCHexa saBHCST ot MaTpHn,bi noBopoTa. 3to o6cTOHTejibCTBO, xots h HBjiaeTCii ecTecTBeHHbiM, 
HecKOjiBKO saTpyflHHeT MaTCMaTHHecKyio sanncb ypaBneHHit f^jisi co6cTBeHHoro ycKopenHH h yrjiOBOii cko- 
pocTH. B n. 9 6yfleT noKasano, hto Hcnojn>3yH onpe/i,ejieHHyio noflCTanoBKy mojkho aoGhtbch Toro, ^ito 
xapaKxepHCTHKH CHCxsMbi s' 6y^T aanncaHbi b yppGnoM BeKxopnoM bh^b. TaKJKC 6yfleT hcch h nopaflOK 
penieHHH oGpaxHoii aafla^H. 

B cjie/],yion];eM pas^ejie 10 paccMaxpHBaexcH nanGojiee o6n;ee (KpHBOjiHHefiHoe) flBHSKCHHe oxHOCHxejib- 
HO jia6opaTopHOH CHCxcMbi oxcHexa 5* paBHoycKopeHHOit CHCxeMbi s' h onpeflejiHioxcH ero HapaMexpbi xaK 
HacTHoro cjiynaa npeo6pa30BaHHH JIMH. 3to flBHJKeHHC npeflcxaBjiaex co6oh HHxepec, xax c xeopexme- 
CKOii TOHKH speHHH, xaK H c HpaKTH^^iecKOH. Teopna paBHoycKopenHoro flBHJKenHH HpHMenaeTCH, nanpHMep, 
npH H3yHeHHH sjieKxpoMarnnxHoro HajiyneHHa 3apa;;a. Ha npaKXHKC flBHJKenHe paBHoycKopeHHofl chctb- 

Mbl OTCHexa, KpOMe HHCTO (J)H3HHeCKHX HpHJIOJKeHHH, MO>KeT BCXpeXHXbCH, nanpHMep, B KOCMOnaBTHKe, xaK 

KaK KOCMHHCCKHe cxaHD,HH, coBepniaa nepejiexbi, oGmhho Hpe^cxaBjiarox coSoit CHCxeMbi c nocToannbiM co6- 
CTBeHHbiM ycKopeHHCM. ^pyroH hphhhhoh fljia anajiHsa HMenno paBHoycKopeHHoro ^BHJKeHHa aBjiaioxca 
MaxeMaxHHecKHe xpyflHOCxH npn pemeHHH o6m,Hx ^H434)epeHn,HajibHbix ypaBHenHH o6paTHOH 3aflaHH khhb- 
MaxHKH fljia HpoH3BOJibHOH JKCCXKOH CHCTeMbi OTCHCTa. 3a6eraa Bnepefl yKajKCM, hto peniCHHe HafiflenHbix 
ypaBHeHHH o6paTHOH 3a/i,aHH KHHeMaTHKH, /i,ajKe fljia npoHSBOJibHOH CTan,HOHapHOH CHCxsMbi oxc^eTa, xoxa 
H HpeflcxaBjiaex co6oh 6ojibmoH HHxepec, ho bcjih h cym,ecTByeT b H3BecTHbix 4)yHKD;Hax, xo BCCbMa rpo- 
M03;],K0. HoaxoMy b pa3flejie 10 fljia npoBcpKH neHpoxHBopeHHBOCxH nojiyHennbix b pa3/i,ejie 9 flH4)4)epeH- 
D;HajibHbix ypaBHeHHH yfloSno paccMaxpHBaxb cjiynaii paBHoycKopcHHoro flBHJKeHna, x.e. Kor^a coGcxbchhoc 
ycKopcHHe CHCxcMbi oxciexa Hocxoanno, a co6cxBeHHoe Bpanienne oxcyxcxByex (O — 0, W — const). /],aHHoe 
flBHSKCHHe HBjiaexca oco6o npocxbiM, HOCKOjibxy b sxom cjiynae ypaBnenna o6paxHOH 3aflaHH KHneMaxHKH 
jierKO pemaioxca. 

flpyrovL KHHeMaxH^iecKHH cnoco6 paccMOxpenna b pa3;i,ejie 10 paBHoycKopenHoro flBHJKenHa, KpoMe cno- 
co6a pemeHHCM oGpaxHoii 3aflaHH KHHCMaTHKH, 3aKjHOH:aeTca b onpeflejienHH napaMCxpoB axoro flBHiKenna 
npH 6ycxe, anajiornHHOM paccMOxpenHOMy b pa3flejie 7. ^ajiee, b pa3flejie 10 flannbie chocoGm cpaBHHBaioxca 
Me>Kfly co6oH. 

HaKOHCH,, B pa3flejie 11 npcflcxaBjiaexca hcckojibko BHflOH3MeHeHHaa (J)opMa o6m,ero Hpeo6pa30BaHHa 
JIMH. HoBbiii bh;; sxoro npeoGpaaoBaHHa xax 6y/],ex bh^ho h3 peayjibxaxoB pa3;i,ejia 9, hmccx neKOxopoe 
npeHMym,ecxBO, CBa3aHHoe c xcm, hxo co6cxBeHHbie xapaKxepncxHKH HpoH3BOjibHOH jkccxkoh chcxcmm ox- 
cnexa OKa3biBaioxca ne 3aBHcam,HMH ox Maxpnu^bi noBopoxa h npeflcxaBHMbi b y^oSHOit bckxophoh (JjopMe. 
KpoMe xoro paccMaxpHBaioxca neKOxopbie BbiBe^enHbie panee 4)opMyjibi, b Koxopbix npoH3BOflHxca xa jkc 
HOflcxanoBKa, xaKaa 6bijia c^ejiana b pa3flejie 9. B nacxHOCxn yKa3biBaexca o6paxHoe o6m,ee Hpeo6pa30BaHHe 
JIMH. 



PesyjibTaTbi 

1. <l>H3HHecKHH CMfaicji napaMBTpa Bxo/i,aiij,ero b cneLi,HajiBHoe npeo6pa30BaHHe 
JIMH H npeoSpasoBaHHe CKopocTH 

Cneii,HajiBHoe npeo6pa30BaHHe JIMH h3 jia6opaTopHOH HHepi^najibHOH CHCTeMti OTCHCTa S : (T, R) b >KecT- 
Kyio HeHHcpii,HajibHyK) CHCTCMy s : {t, r), Ha^^ajio KOTopoii fleiiraeTca, npoHSBOjibHO c napaMCTpoM npeo6pa- 

30BaHHH v(i) BbirjIHflHT B BHflB ^ 

VT^^^ Jo TT^^' ^' 



_ 1- Vi-w' 

R = r 



2 /-t 



(vr)v+ / (2) 



w^V 1 — v^ Jo vl 

SfleCB T, R COOTBeTCTBCHHO BpCMH H KOOpflHHaTbl Jia6opaTOpHOfl: HHCpi];HajIbHOH CHCTCMBI OTcneTa S; t r 
COOTBeTCTBCHHO BpCMS H K00p;];HHaTM HeHHepn,HajIbHOH CHCTeMM s. 

no;i,HepKHeM, mo 4)yHKLi;HH v ne mo^kct saBHCCTb ot co6cTBeHHoro BpeMCHH r nanajia chctcmbi OTcneTa s 
HjiH, 1T0 TO jKe caMoe OT BpeMeHH T , nocKOjiBKy b stom cjiynae BpeMeHHbie HHTerpajibi b npeo6pa30BaHHH 
([T]), ([2|) He 6epyTCH o;i,H03HaHHi>iM o6pa30M (BCjie^CTBHe Toro, hto noflBiHTerpajiBHoe BbipajKCHHe 6yfleT 
3aBHceTb OT flByx nepeMeHHbix: T — T(i,r) ). 

OneBH/iHO B cjiynae v — const sto npeo6pa30BaHHe nepexoflHT b o6bi'5HOC npeo6pa30BaHHe JIopcHn;a. B 
cjiynae jkc, Korfla v pacnojiojKeHa b^ojib och X h no bcjih^hhc paBHa 

V = the (3) 

npeo6pa30BaHHe ([T]), ^ nepett^eT b npeo6pa30BaHHe Mejijiepa ^ c. 23, (JsopMyjia (64)], [19l c. 206, (JiopMyjia 
(8. 160)] 

T = xshe + I ch9d9, X = xcM + [ shddd, Y = y, Z = z (4) 

Jo Jo 

rfle 

9^ f Wdt, (5) 

Jo 

W - co6cTBeHHoe ycKopeHHe chctcmbi OTcneTa. 

B npeo6pa30BaHHH ([1]), ([2]) BpeMs h KOMnoneHTbi pa^Hyc - BeKTopa bxoaht HecHMMeTpnHHO. 3to 3apaHee 
MOJKeT Bbi3BaTb HeflOBepHC K flaHHOMy npeo6pa30BaHHio. OflnaKO ne cnepjeT npn^aBaTb 6ojibinoro 3HaHe- 

HHH 4)OpMyjIHpOBKe TCOpHH OTHOCHTejIbHOCTH CHMMeTpHHHOH HO BCBM 4-KOOpflHHaTaM. 3tO o6cTOHTejIbCTBO 

CBa3aHO c npHHD;HnHajibHbiM pa3jiHHHeM Me>Kfly npocTpancTBOM h BpeMeneM. ^H4)(|)epeHn,Hpya nojiyHHM 

,„ I 1 vr (vv)(vr) I , vdr , , 

dT ^ I ^ + , + ^ '^ i } dt + , 6 

t3 



rfle 



2VT"^^ +3v^-2, ,,. , l-\/l-u2 ,.,.,, V 

dR = |^-^==^(vr)(vv)v + -,^==- [(vr)v + (vr)v] + ^^=^jdt + dr+ 

+ ^f^(vdr)v (7) 

. dv 

V = -;- 



EcjiH noflCTaBHTb flH4)4)epeHn,Hajii>i ([S]) , © b BbipajKCHHe fljia HHTepsajia iiHepi^HajibHofl: CHCTeMbi b npHMO- 
yrojibHbix KOopflHHaTax 

ds^ = dT^ - dR2, (8) 

TO nojiyiHTca HHTepBaji hsbccthoh cjjopMbi [S], |16| fljiH jKecTKOii ycKopcHHOfi c coGctbchhijIm ycKopeHHCM 
W H Bpamaiomeiica cncTeMbi OTC^^iCTa c co6cTBeHHOH yrjiOBOft CKopocTbio $7, 

ds^ = [{I + Wrf -{n X rf] df - 2{n X r)dr dt - dr'^ , (9) 

rfle 



V 1 — \/l — v^ 

a rj ecTb nacTOTa npeLi,eccHH ToMaca |§| ii paBHa 



W=^=^ + T^7T— 3r(vv)v, (10) 



1- Vl-v^ 

n = ftT = — , V XV (11) 

3Ta yrjiOBaa CKopocTb saBHCHT ot xapaKTepa op6HTajibHoro flBHJKCHHH CHCTeMbi OTcneTa. 
Hs pnil cjieflycT, hto 

V = v/T3^W - ^^lIZ(l_^^iZZ) (vW)v (12) 

no;i,CTaBjiHH 3TO cooTHomeHHe b (|11[) nojiy^^iHM 



1 _ ^1 - y2 

Ut = ^ V X W (13) 

y^iHTbiBaH (|12p , (|13p , (JjopMyjibi ([6]) , ([7]) mojkho nepenncaTb b Sojiee KOMnaKTHOM BH^e 

dT='-±^^^^^±Z^^^dt+^^ (14) 



f 1 + Wr 1 - Vl --y^ 1 - Vl -v^ 
dR = ^ v + fir X r + ^ )- [v (f^T x r)] v Ut + dr + „ I ^ (vdr)v (15) 

CjieflOBaTejIBHO. CKOpOCTH U H u 

^, dR dv 

B CHCTeMax OTCHCTa S 'a s CBHsaHbi ypaBHCHHeM 

^^ (1 + Wr)v + \/T^^(u, + f^T X r) + i^^^ [v (u, + f^T X r)] V 

U = . lb 

1 + Wr + V (u^ + rjT X r) ^ ' 

06paLLi,aH 3TO paBencTBO, nojiyHHM 

(1+Wr) [yT~^u - V + i^4^^v(vU) 



u. 



1-vU 



- J7t X r (17) 



s06i>iMH0 npeu;eccHeH ToMaca HasbiBaeTCs Bpaiu,eHHe CHCTeMbi OTCHexa hjih BpameHHe cnHHa OTHOCHTCJibHO jia6opaTOp- 
Hofi CHCTeMbi S. 3/;ecb »ce ;],aHHoe BpameHHe 6y/i,eT noHHMaTbca HCKjiiOMHTejibHO b CHCTeivie s, T.e. 3to Bpain,eHHe HBJiaeTCH 
BHyTpeHHHM. /I,ajiee sto o6cT05iTejibCTBO ne 6y^eT cneLi,HajibHO oroBapHBaTbCH. 



SaMeTHM, HTO B (JjopMyjiax p6p h (|17p BejiHHHHa Ug + $7^ x r HBjiaeTCH CKopocTbio Ufc to^kh b conyTCTBy- 
lomeit CHCTeMe s HeBpamaromeiica CHCTeMe OTC^ieTa fc, och KOTopoii b KajKflbiii MOMenT BpeMCHH coBnaflaiOT 
c OCHMH s. Tor^a 3th (JjopMyjibi ynpomaiOTca h hmciot bh^ 



(1 + Wr)v + VT^^Uk + ^-^X (vufc) V 
^- 1 + Wr + vu, ^^^> 



(1 + Wr) VI - t^^U - V + ^~^g^' (vU)v 

Ufc == 



OTCio;i,a OHeBH/;HO, hto /],jia Toro, HTo6bi tohkh ciiCTeMbi KOop;];nHaT fc b stoh chctcmc OTC^CTa hokohjihci. 
Ufc = 0, Heo6xo;i,HMO, hto6h OTHOCHTejitHO HHepn,HajibHOH CHCTeMbi OTC^eTa 5* ohh ^BHrajiHCB co CKopocTbio 
U = V. TaKHM o6pa30M v b cnei^HajibHOM npeo6pa30BaHHH JIMH ecTb CKopocTb tohck cncTeMbi KOopfliinaT 
k OTHOCHTejiBHO CHCTeMbi S. ^ajicc B CTaTbc o napaMCTpe v cnen,HajibHoro npeo6pa30BaHHH JIMH GyflCT 
ycjiOBHO roBopHTbCH KaK o npocTO CKopocTH CHCTeMbi s, HOflpaayMCBaH no;; Heit ne CKopocTb tohck ee 
CHCTCMbi KOopoflHHaT, a CKopocTb HeBpani,aK)ni;eHCH chctcmbi fc, och KOTopoii conyTCTByiOT h conanpaBjieHbi 

OCHM CHCTCMbl S. 

BosMOJKHO H flpyroe HOHHManHe 4)yHKii,HH v. Ha (|17p bh;i,ho, hto fuia Toro, htoGh to^kh S-npocTpancTBa 

CHCTCMbl S HOKOHJIHCb OTHOCHTCJIbHO CC CHCTCMbl KOOpflHHaT (Ug = 0) Heo6xO;i,HMO, ^lTo6i.l OHH flBHrajIHCb 
OTHOCHTCJIbHO 5* HC CO CKOpOCTbK) U = V, a CO CKOpOCTblO U = Uq 

_ (1 + Wr)v + VT^^nr X r + i^^^ [v {n^ x r)] v 
^" l + (W + vxfl^)r ^^"^ 

PacKjiaflbiBaa BbipajKCHHC pO[) no CTeHCHHM r b nepBOM npH6jiH}KCHHH, nojiyHHM 



Uo = V + Vl - v^flT X r - ^^ ""'^^ , ^^ ""'^ [v(n^ X r)] v (21) 

B HacTHOM cjiy^ae HpaMOjiHHCHHoro flBHJKCHHa chctcmbi OTCHCTa s ($1^ = 0) h3 pop . (I2ip bh;i,ho, hto b stom 
cjiynae tohkh ee chctcmbi KOopflnnaT flBHJKyTca b Ty jkg CTopony co CKopocTbio Uo = v. 3to kohchho hc 
03HaHaeT, hto CKopocTb Bcex tohck chctcmbi KOopflnnaT s 6yfleT oflHHaKOBOii h paBHa CKopocTH V, c KOTopoit 
PfiVDKCiCR Hanajio OTcneTa s. YpaBHeHHa (|20p . (j2ip HaBO,naT na Mbicjib, hto c tohkh 3peHHa Ha6jH0/i,aTejiH 
B S CHCTeMa KOopflHHaT HeHHepn,HajibHOH CHCTeMbi s /iBHracTca HCOflHopoflHO h, 3HaHHT, He 6y/i,eT jKecTKOii. 
OKasbiBacTca, ^ito CKopocTb v caMa 3aBHCHT ot r, nosTOMy OKOHHaTejibHO, Heo/i,Hopo/i,HOCTb flBHJKCHHa tohck 
s 6y;i,eT flOKa3aHa b cjieflyromcM pa3flejie. TaKHM o6pa30M, flpyroe HOHHManHC (J)yHKii,HH v b HHepii,HajibHOH 
CHCTCMC OTCHCTa 3aKjiiOHaeTca b tom, hto nepes STy 4)yHKn,Hio OHpeflCjiaeTca nojie CKopocTeii Up tohck 
CHCTCMbl OTCHCTa s OTHOCHTejibHO iS* b flaHHbiii MOMCHT T. O^CBHflHO flannaa CKopocTb kohkpcthoh toikh 
r mojkct 3aBHceTb TOJibKO ot CKopocTH V nanajia OTcneTa h ero co6cTBeHHoro ycKopenna W. 

2. 06paTHoe cneLi,Hajii>Hoe npeo6pa30BaHHe JIMH. OcHOBHMe KHHeMaTHHecKHe 
scJjcJjeKTM 

HcTpHBHajibHOCTb Hpeo6pa30BaHHa ([T|) , ([2]) b cjiynae flBHJKCHHa chctcmbi OTcneTa s c ycKopenncM npHBOflHT k 
jHo6onbiTHbiM 34)4)eKTaM, KOTopbie apne Bcero npoHBjiaiOTca, ecjiii npeflBapHTCjibHO naiiTH Hpeo6pa30BaHHe 
K HCMy o6paTHoe. Hpeo6pa30BaHHe o6paTHoe (Il]),([2]) b o6meM cjiynae b anajiHTHHecKoii 4)opMe mojkho 

HOJiyHHTb TOJibKO npH6jIH}KeHH0. 06o3HaHHM HHTCrpajIbl BpCMCHH KaK 



* dt 



Vl - V 



2 



(22) 



* "dt 



""^^ = A,. (23) 



Vl — v"^ 



IIpH 3T0M saBHCHMOCTb (J)yHKi],HH OT KaKoft-jiH6o BejiHHHHbi 6yfleM noKasbiBaTb HHJKHHM HHflCKCOM. Torfla 
BbipajKaa h3 paBencTBa ([22|) t h noflCTaBjiaa ero b v(t) h At mo>kho npeflCTaBHTb hx KaK 4)yHKLi,HH 

v = Ve,At = Ae. (24) 

npeo6pa30BaHHe (IT]),([2) 6y;i,eT BbirjiaflCTb b Biifle 

T^.+ -^, (25, 



rfle Ag ecTb 



R^A.+r+i^^^(rV.)V. (26) 

Ae = / Vgde. (27) 

Jo 

OyHKn,Ha Vg aBJiaeTCH CKOpOCTblO /^BHJKCHHH TO^KH r CHCTCMbl S B MOMeHT OTHOCHTCJIbHO HHCpi^HajIbHOH 

CHCTCMbi OTCHCTa 5 H sBjiHeTca TaKHM >Ke napaMeTpoM npeo6pa30BaHHa, KaK h v(t). YpaBHeHHe o6paTHoe 
SyAGT 



^-y ^l-l/,2^0^ (28) 

Tflfi aBjiaeTCH KopneM ypaBHCHHs ()25p . /],jih pemeHiiH SToro ypaBHCHHii 6yfleM HcnojibsOBaTb pasjiojKeHiie 
no CTencHHM r . B nepBOM npH6jiHJKeHHH 6 6y^eT paBHO 

Vr 

e = T-^ , (29) 

rpfi V = Vt h sBjiHeTca CKopocTbio naiajia OTCHCTa CHCTCMbi s saBHcamefi ot jia6opaTopHoro BpeMenii T. 
PasjiaraH V^ / ^yl — Vg b pa:^ Tefljiopa nojiy^HM 

V _ V (Vr)V (VV)(Vr)V 

rfle 



(30) 



CjieflOBaTCjibHO b nepBOM npH6jiHJKeHHii no CTenensM r napaMCip v paBen 

v^V-J^H, V^^. (32) 

^aHHaa: cJDopMyjia onpe^ejiaeT CKopocTb tohkh CHCTCMbi s c KOopflnnaTon r. Ha ypaBHennii (j20p . (|21l) . p2p 
BHflno, nTO fljia Toro nTo6bi b co6cTBennoH cncTeMe OTcncTa nojiojKenne KaKon jih6o tohkh ee CHCTCMbi 
KOop/innaT ne HSMenajiocb (i.e. cncTeMa OTcneTa 6bijia jkcctkoh no Bopny), neo6xoflHMO, nTo6bi aia to^^- 
Ka flBHrajiacb b jia6opaTopnoH HHepn;HajibHOH cncTeMe OTcneia corjiacoBanno, b neKOTopoii Koppcjian;HH c 
/^BHJKenneM nanajia OTCHeia. 

no;i,CTaBjiaH pasjiojKenne pOI) b (|25p nojiynnM, onycKaa hhjkhhh nnflCKC, noKasbiBaiomnn saBHCHMOCTb 
flannoii BCjinnnnbi ot T , hto bo BTOpoM npH6jiHJKeHHH 

Vr , (Vr)(Vr) , (VV)(Vr)' 
^ / , T^9 + ~1 T7T' + ~F1 T^2^2 ■ '>'^'^'' 



VI -y2 i-y2 (i-T/2)2 
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3flecb H flajiee b cjaopMyjiax fljia o6paTHoro cnen,HajibHoro npeo6pa30BaHHH mm orpaHHHHMca b pasjioJKeHH- 
Hx HjienaMH coflepjKamHMH BToptie CTenenH KOopflnnaT, T.e. tojibko HjienaMH coflepjKamHMH ycKopeHHe b 
nepBOH CTencHH, ho ne ero npoHSBOflHbie. ycjiOBHH, Kor^a mojkho npeneGpeHb Ky6aMH r Haxo^HTca h3 bbi- 
HHCJieHHH HjienoB coflepjKamiix TpeTbH CTenenn KOop;i,HHaT, ho npoine pyKOBo;i;cTBOBaTbCH coo6pa>KeHHfl:MH 
pasMepnocTH. B pesyjibTaTe HMeeM 

W 1 

r << ^, r « -— (34) 

WW ^ ' 

C TOH jKe TOHHOCTbK) npoHSBOjibHaH CKajispHaH 4)yHKii,Ha yg 6y;i,eT paBna 

/ Vr (Vr)(Vr) (Vr)2(VV)\ (Vr)^ ^ ^ 

H npoHSBOjibHbiii BCKTop xg 6y^eT paBCH 

Vr . (Vr)(Vr) 1 .. (Vr)^ . (VV)(Vr)^ , , 



rfle 



""' dT'""' dT^ 



H Bce BejiHiHHbi B npaBOH CTopoHe paBeHCTB 6epyTCH b MOMeni BpeivienH T. 

B KanecTBC npoiiSBOjibHoro BCKTopa xg b (I36p mojkho, nanpHMep, bshtb BeKTop Ag h3 (|27p . CjieflOBa- 
TejibHO, MOJKHO sanHcaTb, onycKaa hhjkhhh HHflCKC, noKasbiBaromnii saBHCHMOCTb ot T (A = J„ VdT) 

X A A (Vr)V , (Vr)(Vr)V , (Vr)^V , (Vr)^(VV)V 



Ho^CTaBHB B (|35p BMecTO CKajiHpHOH 4)yHKLi;HH ye 4)yHKLi;Hio tg H3 (|28p nojiy^iHM 

■ /" ^^-.^ [..- 'V-XV-) 'V)''^V)1 (38) 






MnpoBoe BpeMH t b psp ne HBjiaeTCH npoH3BOjibHOH cjayHKi^Heii T, r . Bh/i, stoh 4)yHKii;HH onpe/;ejiHjiCH 
ycjiOBHCM, HTo6bi MeipiiKa HMejia onpe^ejieHHyio (JjopMy ^. nepBbiii ^^jien b npaBoii nacTH SToro BbipajKe- 
HHH npeflCTaBjiaeT coGoii coGcTBCHHoe BpeMa nanajia OTCieTa r (r = 0). 3to ;i,ejiaeT OHeBHflHbiM 3aMefljieHHe 
BpeMeHH B HeHHepii,HajibHOH CHCTeMe OTcneTa h peinaeT laK Ha3biBaeMbiH napaflOKC nacoB b o6iii,eM BH^e. 
Co6cTBeHHoe BpeMH nanajia OTcneTa HHKaK ne coBna^aeT c mhpobbim BpeMeneM t H3-3a cymecTBOBaHHH 
3(|)4)eKTa OTHOCHTejiBHOCTH oflHOBpeMCHHOCTH. 3to o6cTOHTejibCTBO nocTcjjaKTyM onpaBflbiBaeT npHMencHHe 
B npeo6pa30BaHHH ([T]), ([2]) napaMCTpa npeo6pa30BaHHH v xaK 4)yHKn,HH t, a ne t . BTopoit ^^ijien b 4)Hryp- 
Hbix CKo6Kax B psp onpeflejiaeT paccHHxpoHH3aLi,Hio AByx KOopflHHaTHbix ^^lacoB b HeHHepi^HajibHoii chctcmc 
s, ecjiH OHH nepBOHanajiBHO 6i>ijih CHHxpoHH3HpoBaHbi b jiaGopaTopnoH CHCTCMe S {dT = 0). OneBHflHO, 
BejiHHHHa paccHHxpoHH3aii,HH B paccMaTpHBacMOM npnGjiHJKeHHH ne 3aBHCHT ot 3aK0Ha flBHJKeHHH chctc- 
Mbi OTCHCTa s, a onpe/iejiaeTCH ee MrHOBeHHbiM 3HaHeHHeM CKopocTH h ycKopenHH. CaMO cymecTBOBaHne 

paCCHHXpOHH3aLI,HH CBH3aHO C OTHOCHTejIbHOCTblO BpeMeHH B CHCTCMaX OTCHeTa S VL s. 

no^CTaBjiHH (|37p B (j26p h yHHTbiBaa, hto 



l-VT^^ 1-713^2 i-VlZZ!^A/ An> 1/ ^ T/ T/ ^ 
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nojiy^HM nocjie neKOTopbix npeo6pa30BaHHH, hto 



R-A = L = r ^ , (Vr)V + ^ rVr)(Vr)V- 



3flecb L HBjiHeTCH ;i,jihhoh H^eajibHO jKecTKoro CTepjKHH b momcht T b jia6opaTopHOH HHepLi,HajibHOH ciiCTCMe 
OTC^CTa S, HBH co6cTBeHHaH fljiHHa paBHa r h Ha^^iajibHaa TOHKa KOToporo flBHJKeTCH OTHOCHTejibHO S co 
CKopocTbio V H ycKopeHHCM V. CorjiacHO STOMy ypaBHeHPim npsMofi CTepjKCHB pjiwabi r BbirjiH^HT b S 
HCKpHBjieHHbiM. IIojiyHHBmeecH BeKTopnoe ypaBHenne (j40p mojkho peniHTb OTHOCHTejibHO r, yMHOJKaa o6e 
nacTH (|40l) CKajiHpHO na V h na V. HojiynHM 



LV = yr^T^Vr + i-^^^(Vr)(Vr) + ^l-^II^ [Yv)\YY), (41) 



LV = Vr ^^^5 (Vr)(VV) + ^^ J___ (Vr)(Vr)(VV)- 



(l„yr^y2)2 (1-VT^T^ 



2^2 



2/ 



,2 



2^2(1 - y^) (^^) ^ + ^Mfr3V^(Vr)^(VV) . (42) 

Bo BTOpOM H TpeTBCM HJICHaX B HpaBOH HaCTH (j4ip . a TaKJKe B TpeTBCM, HBTBCpTOM H HHTOM HJICHaX ypaB- 

HeHHH (j40p . (j42p c Tpe6yeMoii tohhoctbio mhoskhtcjib Vr mojkho nojiaraiB corjiacHO (j4ip paBHBiM 

LV 

Vr = , (43) 



C TOii JKC TOHHOCTBK) H3 (|42l) CJICflyCT 



1 _ ^l_]/2 

Vr = LV + (TV)VV (44) 



HMea BBH/iy sth paBencTBa, nojiy^HM h3 (|40p . hto 



LV i-\/i-y2 (1- Vi~:"v^)2(i + 2vT~^T^) 



2/ 



Vr= ^-—3 - ^ 3 (LV)(LV)-^ ^ 5 ^(LV)^(VV) (45) 

Ho^CTaBHM cefiT^iac (j45p b (j40l) , Tor;i,a c noMombm (j43p , (j44p nojiy^HM c tohhoctbio pp BToptix CTeneneH no 
L = R — A = R — J(j YdT BKjiio^iHTejitHO, ^ito 



^2^13172 2^471^172 



r = L + -— .^===.(LV)V - -^ / /- \ : ^(VV)(LV) V- 



(-[ _ ^/1 _ 1/2^2 1 _ /I _ T/2 

+ oT.2n T.2, (LV)^V 3 (LV)(LV)V = ^nvar^ant. (46) 

2\/2(l_^2)2 y2^1 _ Y2 

HoACTaBHB B (j38p SHaneHHe r h3 (j46p OKOH^aTejitno nojiyiHM 

LV (LV)(LV) (LV)^(VV)1 



ryjrT^,^_J^_(IA0(IA0_(IA01VV) 

Jo [VT^v^ VT^v^ VT^v^ I 



(47) 
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HaKOHen;, noflCTEBjiHa b (j32p cjjopMyjiy (I43p nojiynnM c TOii jkc tohhocti>K3 

v^V-IXi)V^ ,4S, 

YpaBHeHiiH p8l) . (J40I1 hjih (1461) . (|47p hbjihiotch hckommm oSpethmm npeo6pa30BaHHeM c tohhoctbio 
;i,o BToporo nopaflKa no r (hjih L) BKjiio^HTejibHO. OHeBHflHO, npsMoe h o6paTHoe npeoGpaaoBanHe JIMH 
OTjiH^aiOTca Apyr ot flpyra. 3to oco6eHHOCTB CBssana c paflHKajibHbiM pasjiHHHCM HHcpi^HajibHoii h neHHep- 
n^ajibHOH CHCTeM OTcncTa. JJ^jir nocTOSHHOfl: CKopocTH V oSpaTHoe npeo6pa30BaHHe nepexoflHT b o6biHHoe 
npeo6pa30BaHHe Jlopeni^a. 

OGpaTHoe npeoGpasoBaHHe JIMH BMpa:>KeHHoe nepes co6cTBeHHoe ycKopeHHe CHCTeMbi s 

HpeflCTaBjiseT HHiepec TaKJKC BBipasHTb o6paTHoe npeo6pa30BaHHe ^iepe3 co6cTBeHHoe ycKopenne CHCTeMbi 
OTcneTa s. Aji-h SToro naflo npe^BapHTejiBHO BBipa3HTi> ypaBHCHHH ()10p . (jlip ^epe3 V h V . C^wiasi r = 
nojiyHHM 4)opMyjiM 



V 1 - VI - V^2 

^ 

1 - \^2 y2^1_y2 



W=^^^ + — ^:^(VV)V (49) 



1 - Vi - v^^ 



Hs (j49|) cjie/],yeT, hto 



V ^ (1 - F^)w - ii:il!K^^^iHI!) (vw)v (51) 



vv = Vi-y2 vw. (52) 

CjieflOBaTejiBHO, noflCTaBjiHH 3th paBcncTBa b p8 p . (|40p . (|46p . ()47p nojiynnM 



t = / Vl - ^2dT - I Vr - v/l-V2(Vr)(Wr) - -^^ ^U ^'^" (Vr)2(VW) I (53) 

1 - Vl - V"2 (1 - Vl -y2)Vl- "1^2 

L = r ^_^(Vr)V + ^ ^ ^, ^"^ ^(Vr)(Wr)V- 



^^^^^i^rfW . (^--^^ V.)-(VW)V. (54) 



LV (LV)(LW) {I - VT^V^) ,r^,,2 







y^Y^V^dT- -^L= y-^>y-^^> Vi_v-_^(LV)^(VW) (55) 

1 - Vl - V"2 1 - Vl - V"2 
r = L + ^ ^' (T,V)V - ^ ^' (TV)(T,W)V+ 

l/2yr^y2^ ^ y2Vi^-j72^ >^ > 



H3 (I53p . (j55p bh;i,ho, hto paccHHxpoHH3an,Ha flByx nacoB: b nanajie OTcneTa h b TOHKe c KOopflHHaToit 
r He 3aBHCHT ot W . AnajiornHHO, h3 (|46p . (|54p bh^ho, hto fljinna STajiOHHofi jihrchkh CHCTeMbi KOopflH- 
HaT HecTaii,HOHapHOH CHCTeMbi OTcneTa b cflejianHOM npnBjiHJKeHHH ne 3aBHCHT ot CKopocTH H3MeHeHHH ee 
co6cTBeHHoro ycKopcHHH W H npH V = coBna;];aeT c r. 
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CKOpOCTB TOHGK CHCTeMbI KOOpflHHaT S 

BbiHHCjiHM cefinac b hbhom BH^e CKopocTb to^^ick Ug CHCTCMBi s. IIo^CTaBHB (|5ip B (I32p nojiyHHM 



Vi-v^2(i _ vi - 1^2) 



V = V - Vl - ^2(Vr)W + \^, -^ (Vr) ( VW) V (57) 

rfle V- CKopocTb na^^iajia OTC^ieTa s OTHOCHTejibHO S. HoflCTaBHB b (|2ip ypaBHCHHe (|57p nojiy^iHM 



Uo = V - v/l-V^2(Vr)W + ^^ ^ , l_J(Vr)(VW)V- 



+ VT^^^T X r - ^^ ^—j^ '- [V(fly X r)] V (58) 

HaKOHeu, noflCTaBjiaa CKifla SHaneHHa (j49p . (j50p nojiy^HM 



Uo = V ^^ (Vr)V - i--^===L(Vr)(VV)V ^^ (Vr)V (59) 

PaccHHxpoHH3aii;HH 4)H3HHecKHX MacoB saKpenjieHHbix B s 

HHTepec npe/iCTaBjiHCT eme paccHHxpoHH3aii,HH 4)H3HHecKHx nacoB pacnojiojKCHHbix b pasHBix TOHKax ch- 
CTCMbi KOop/;HHaT s paccMaTpHBacMaa b jia6opaTopHOH CHCTCMe OTC^eTa. 3tot seJxJjeKT noaBjiaeTca H3-3a 

HeOflHOpOflHOCTH /IBHJKeHHS paSHBIX TO^CK CHCTeMM OTCHeTa S. HanpHMep PJia paCCHHXpOHH3aD;HH HaCOB 3a 

BpeMH T B Hanajie OTcneTa h b tohkc c KOop/;HHaTOH r BejinHnna paccHHxpoHH3aii,HH 6yfleT paBHa 



Ar = ^ (^^1 - U^ -Vl- V^^ dT, 



(60) 



iiTO npH yncTe paBCHCTBa (|58p. cocTaBHT BejiHHHHy 



'0 

HjiH noflCTaBjiHH ciOAa (|49|) . (|50|) 



Ar = r /" Vl-^2 [(VW)V - V x fj^] dT, (61) 

"'0 



/■'^ / 1- Vi -y2 . 1 - x/i - y2 . \ 



CpaBHeHHe nojiyHeHHbix (JjopMyji c HssecTHBiMH pesyjiBTaTaMH 



IIpejKfle Bcero Tpe6yeTCH bmhchhtb cnpaBefljiHBbi jih (JjopMyjibi (|49p h (jSOj). OopMyjia (|49l) ^aBHO HSBecTHa 
[26\ C.109, (JjopMyjia (194)]. OflnaKO, (|50p npoTHBope^HT Hbine npHHHTOii TOHKe 3peHHa: [271 c.123], corjiacHO 
KOTopoii co6cTBeHHaa npeii,eccHa ToMaca 3aBHCHT ot jia6opaTopHbix CKopocTH V h ycKopeHHs V xaK 



1 - \/l - 1/2 
^T = V X V 

^2^1 - y2 

Bnpo^^ieM 4)opMyjia (|50l) xopomo corjiacyeTCH c hckotopbimh flpyraMH HCTO^^iHUKaMH, nanpiiMep [28, 4)opMyjia 
(34)], nosTOMy ;i,aHHOMy pacxo}K;i,eHHio ne cjieflyex npH^aBaTb 3HaHeHHH. 

PaccMOTpHM Tenepb jierKO npoBepaeMbie cjieflCTBHH yKa3aHHoro o6paTHoro npeo6pa30BaHHH b cjiynae 
npHMOjiHHeiiHoro /ibhjkchhh s 6e3 BpamcHHH b nanpaBjieHHii oceii X h x. HpcjK/^e Bcero, paccMaTpHBaa 
npHMOjiHHeiiHoe ycKopeHHoe flBHSKCHHe CHCTeMbi s B;i,ojib och 1 mojkho y6eflHTbCH, hto (j57p coBna/],aeT c 
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y>Ke HSBecTHOit (JjopMyjioii pjisi CKopocTH TO^eK CHCTeMbi KOopflnnaT s [31 c. 65, (J)opMyjia (6)], [H 4)opMyjia 
(19)]. 

IlycTb Tenepb flsa co6i>iTHa npoHSomjin b oflHO h to jkc speMH no HacaM jiaSopaTopnoii HHcpi^HajibHoii 
CHCTCMbi OTCHCTa S, HO B pasHMx TOHKax Xi H X2 ycKopeHHOH CHCTeMBi OTCHBTa s. Onpe/i,ejiHM npoMeacyTOK 
MHpoBoro BpeMSHH Me}K;i,y co6biTHHMH 1 H 2 B ycKopeHHOH CHCTCMe OTcneTa s. Ha (I53p HMeeM, hto MOMenTbi 
BpeMCHH ii H i2 no nacaM CHCTeMbi s 6yflyT paBHbi 

t^ = J ^1-V^dT- ivxo.-V{l-^)Wxl\,{a = l, 2) (63) 

CjieflOBaTCjiBHO 

At = t2-t, = - (vx ~ V{1 ~ -^) WxA "~r (64) 

AnajiorHT^iHO, h3 (|54p cjie^yeT, hto fljinna CTepjKHH coGcTBCHHOfl; fljiHHbi x pacnojiOiKCHHoro b^ojib nanpaB- 
jienna ero npaMOjiHHeiiHoro flBHJKCHHH paBHa 



V^fY^v 
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L= v/l-y2a;+ — ^^-r W'a;^ (65) 

JlerKO TaKJKe BHfleTB, hto b cjiynae npHMOjiHHeiiHoro flBHJKeHHH (JjopMyjia (j57p ynpomaeTca h nepexoflHT b 

AT = r / — rVdT = a; (ari/iV^ - n (66) 

cPopMyjibi (j64p , (|65p h (j66p yjKe HSBecTHbi h3 npsMoro pacneTa Hcnojib3yioiii,ero ypaBnenHe npHMOjiHHeit- 
Horo paBHoycKopeHHoro flBHJKenHa - cooTBeTCTBCHHO [101 4)opMyjia (18)], jU cJDopMyjia (30)] h [10, (JiopMyjia 
(29)]. 

O npHroflHOCTH nojiyneHHtix (JjopMyji /i;jih peajiBHoft CHCTeMBi OTCHexa c npe/i,ejiBHO 6ojibmoH 

JKeCTKOCTbK) 

IIpeoGpasoBaHHe JIMH aBjiHeica to^^ihbim fljia jkcctkoh no Bopny HecTan;HOHapHOH cncTeMbi OTCieTa. Ofl- 
naKO peajibHbie cncTeMbi OTCieTa peajinsoBannbie peajibnbiM TejiOM c aa^anHbiM flBajKenncM ero nanajibnoii 
TonKH H CBo6oflHbiMH ocTajibHbiMH TOHKaMH eg KOopflHnaT c npoHSBOJibHbiMH BoaMOJKHbiMH B CTO pa3Me- 
paMH HBjiaKJTCH BOo6n;e roBopa nejKecTKHMH, n npeoGpasoBanne JIMH ne 6yfleT HBjiHTbca j\n^ nnx BepnbiM. 
TcM He Menee, fljiH TaKon peajibnoii cncTeMbi OTcneTa c npe^ejibno Gojibmoii jKecTKOCTbro (nofl neii hohh- 
MaeTCH CHCTeMa OTcneia, b KOTopoit CKopocTb SByxa b MaTepnajie jinneeK panna CKopocTH CBeia) ycjiOBHe 
P4p HBjiaeTCH o;i,HOBpeMeHHO h Heo6xoflHMbiM ycjiOBHeM, npn KOTopoM ypaBHCHHa (I55p . (j56p hmbiot cmbicji. 
^eiicTBHTejibHO, b cjiynae TaKofi HecTai^HOHapnoii cncTeMbi OTcneTa s, ee KOop/;HHaTbi r h BpeMH i, htoSm 
nepeiiTH b cooTBeTCTByiomne tJaopMyjibi (|55p . ()56p fljiH CTai^HOHapHoii CHCTeMbi OTcneia KpoMe CKopocTH 
nanajia OTC^eTa V MoryT saBHceTb TOjibKO ot coGcTBennoro ycKopennH (h, bosmojkho, ero npoH3Bo;i,Hbix) b 
npeflinecTByiOLn,HH MOMenT BpeMenn T' paBHbiit (fljia He6ojibinoro ynacTKa b6jih3h naiajia OTcneTa) 

T' = T -L. (67) 

Ho AJiH ;i,ocTaTOTiHO Majibix coGcTBennbix KOopflnnaT h ;i,0CTaT0HH0 njiaBHoro HSMeHenHH coGcTBenHoro ycKO- 
peHHH (npH ycjiOBHH p4p) sthm 3ana3flbiBaHHeM mojkho npeneGpenb h, cjieflOBaTCjibHO, 4)opMyjibi (|55p . ()56p 
(h flpyrne hm 3KBHBajieHTHbie) b c^ejiaHHOM npH6jiH»ceHHH npHroflHbi. 

3. YpaBHeHHa flJia MaTpHu,M co6cTBeHHoro BpameHHa 

HepefifleM Tenepb h3 CHCTeMbi OTCHeia s oSjia^aiomeH co6cTBeHHbiMH xapaKTepncTHKaMH W h JIt b CHCieMy 
OTC^eia s' jKecTKO Bpamaiomyroca c flonojiHHTejibHoft yrjiOBOii CKopocTbio a; OTHOCHTejibHO s BOKpyr oGmero 
n,eHTpa. 3to 03HaHaeT, hto b chctcmc s neoGxo^HMO npoH3BecTH CTanflapTHyio 3aMeHy KOopflnnaT h BpeivieHH 
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r"" = al^"'r"^ , (68) 



, ^TO npHBOflHT K o6meMy npeo6pa30BaHHio [9j 



T - n T + / -1^=^ (69) 



yl^^v^ Jo \/l — v' 

R'^^l a^'^r'P + i^^^^^^a^^V'^ | + /* -^^£= (70) 

w^V 1 — W ^0 V 1 — v^ 



MaTpHLi;y a"" HasbieaiOT MaTpHi^eii noBopoTa. 3Ta MaTpHLi,a aBjiHCTca opToroHajiBHOii, T.e. cnpaBefljiHBO 
cooTHOineHHe 

a^'^a?"' = a'^^a'^^ = ^'^'^ (71) 

/lajiee, ecjiii ctpokh (hjih CT0ji6D;bi) MaTpHLi,bi a"^ paccMaTpHBaTb xax KOopflnnaTBi cflHHHHHbix BCKTopoB 
i", TO BepHbi cjie/iyHDmHe cooTHomenHH |29l c. 42] 

r X i'' = e"'^^r (72) 

B npeflCTaBjieHHH bmccto i" HcnojibsyiomHM MaTpHn,y noBopoTa a"*^, sth paBencTBa BbirjiHflHT Tax |161 
4)opMyjia (14)] 

e"P''a/'/3ai^7 = e'^'^'^a"'', e^'^'^a'^^a'^'' = e'^^'^a'^" (73) 

CnpaBefljiHBOCTb flanHbix paBCHCTB "yHHi^TOJKeHHH" HexpyflHO npoBepiiTb fljia: KOHKpeTHoro hx npeflciaB- 
jiCHHa, HanpiiMep fljia yrjiOB Bfijiepa. 

B CHCTeMe s' HSMeneHHe npoHSBOjiBHoro BCKTopa r' CBssaHHoro c chctcmoh OTCieTa s nofl^^iHEaeTCH 
ypaBHeHHK) 

^ = -a;'xr'. (74) 

dt ^ ' 

3f\ecb uj'" ecTb BexTop yrjiOBoft CKopocTH spameHHa s' OTHOCHTejibHO CHCTeMbi s BbipajKenHbiii b chctcmc 
KOopflHHaT s' . no;i,CTaBjiHH cio/],a r'P = a^^r" h CHHTaa , hto r" = const nojiyHHM, hto STa MaTpHi],a flOJiJKna 

yflOBJICTBOpHTb ypaBHeHHK) 

^ = e^^^w'^a?" (75) 

ypaBHCHHH (|71l) . (|73p nojiHOCTBK) OHHCbiBaiOT MaTpHn;y a"'^ xax MaTpHH;y Bpan^enHa, a ypaBnenHe (1751) 
4)aKTHT^iecKH HBjiaeTCH onpeflejiCHHeM yrjiOBOii CKopocTH BbipajKenHbiM ^epea a"" . 

rlnP°' 1 rlnP'^ 

e'^''V''=a""^^, tj'-< ^-e^''<f'a^''^^ (76) 

dt 2 di ^ ' 

EcjiH no;];cTaBHTi> (j68p b HHiepBaji CHCTeMbi OTC^^CTa s ([9]); to c noMom,bio Tpe6oBaHHH (j7ip . (|73p . (|75p 
6yfleT BHflHO, ^TO B CHCTeMe s' (J)opMa HHTepBajia TaKJKe hphmct bh^ ([9]), KaK h /iojijkho 6biTb |16| . XapaK- 
TcpHCTHKH HOBOH CHCTCMbi OTCHCTa CTaHyT |161 cJDopMyjia (16), c yncTOM Toro, HTO B 3T0H CTaTbe MaTpHn;a 
noBopoTa Bxo/i,Hjia b TpaHCHonnpoBaHHOM BH/i,e] . 

W"" = a^'^W^ {71) 

n'" = a"^f^^ + w'" (78) 
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BbiHCHHM Tenepb KaK jkb npeo6pa3yeTCH coGcTBenHoe BpameHne (|68p b jia6opaTopHyio CHCTCMy OTCieTa. 
^jiHHa L Majioii coGctbchhoh jthhchkh r CHCTeMbi s b jiaGopaTopHoii CHCTCMe 6yfleT 



1 - Vl - T^2 
L = r ^^,5 (Vr)V (79) 

, rfle V -CKopocTb Ha^iajia OTCieTa chctcmbi s' OTHOCHTejitHO S. Ho^CTaBHM b sto ypaBHCHHe (j68p . Tor^a 
nojiyHHM 

i" = a^'^r'f^ - ^ ~ ^\~ ^V ^F"a^V^ (80) 

flaHHoe ypaBHCHHe mojkho paccMaTpHBaTb xax HCKOTopoe npeoGpasoBaHne c MaTpHn,eH A"^ h3 jiaGopaTop- 

HOii CHCTCMbl OTC^eTa B HOByiO CHCTCMy s' 

L" = ^^"r'^ (81) 

CjieflOBaTejiBHO MaTpHi];a noBopoTa a"^ b jiaGopaTopnoii CHCTeMe HMeeT bh/i, ^"'^ , npHneM 

j^fla ^ ^/3a „ ^ ~ ^^^~ ^V '^F^a^T (82) 

EcjiH MaTpHn,a A"" npe/iCTaBjiaeT co6oh MaTpHLi,y noBopoTa, to /^jia nee /iojiskch BbinojiHHTbCH saKOH 
H3MeHeHHfl STOii MaTpHLi,bi CO BpeMeneM aHajiorHHHbiii cjjopMyjie (|75p . Mojkho jih HcnojiBSOBaTb ypaBHCHHe 

^^ = e'^^^vD^Al'^, (83) 

rflc vj HMeeT cmbicji yrjiOBOii CKopocTH b jia6opaTopHOH CHCieMe S"! fljia BbiHCHeHHs SToro Bonpoca npo- 
flH4)(J)epeHLi;HpyeM ypasHeHHe (j82l) no BpeMCHH T jiaGopaTopnoii CHCTeMbi OTCieTa, saMCHHM BCK)fly b npaBofi 
lacTH nojiyHHBinerocH ypaBneHHS npoHSBOflHbie MaTpniibi a^" no BpeMenn T na 

H flajiee aaivienHM sth nponsBOflntie da^" /dt na npaByio nacTb ypaBnenna (j75p . B pesyjibTaTe nojiy^inM 

dT V^ 

- ^-^'^^^^'^-^'^^W ^y^ + V^V'^)a^^ - ^^ ~ ^\~ ^^ L(vV)V^V°a^^ (85) 

^ajiee, BbipasnM a'^" h3 (j82p . /I,ji-h SToro ^ociaTonno yMno>KHTb sto ypaBnenne na V^ h otbct cnoBa 
noflCTaBHTb B (|82p . XIojiynnM 

CciiHac B ypaBHcnnn (|85p ocTajiocb saMennTB a^" corjiacno (|86p . B htofc BOsnnKaeT cjieflyiom,ee ypaBnenne 
o6ni,ero Bn/ia (cpaBnn c (I55|) n [9, (J^opMyjibi (4), (10)] ) 

dT 



\ V^^Jl - v^ v^ V^ I 

O^eBnflno, hto tojibko b tom cjiynae, Kor^a flBHJKenne s' HBjiaeTCH paBHOMepnbiM, ypaBnenne (|87l) CTanoBHT- 
ca noxojKHM na (|75p . IIpoBepHB jkb ^jih MaTpnn^bi A'^" ycjiOBne opToronajitnocTn n paBcncTBO ynnnTOJKenna 

17 



aHajiorHHHbie (j7ip h (|73p , mojkho y6eflHTijCa:, hto 3th ypaBHenHH ne BBinojinaiOTca. Trkhm o6pa30M MaTpHD;a 
jiHHeiiHoro npeo6pa30BaHHa A^" ne HBjiaeTca MaTpHLi;eH noBopoia. 

06biHH0 nofl npeLi,eccHeH ToMaca noHHMaeTca Bpamenne OTHOCHTejibHO jia6opaTopHOH CHCTeMbi OTCHCTa 
[30j . O^HaKO, KaK Gbijio hcho Bbime, sto BpamenHe H3-3a coKpameHHs Jlopeni^a ne aBjiHCTca jkbctkhm, 
nosTOMy TepMHH "npeLi,eccHH" noHiiMaeMbifi b stom cmmcjic He3aK0HeH. 

4. IIpeoSpasoBaHHe co6cTBeHHoii acJjcJjHHHoii CKopocTH b jiaSopaTopnyio CHCTeMy 
OTCHeTa 

LfeHTpOacJxJjHHHOe flBHSKCHHe TOHKH B CHCTCMe OTCHeTa k nOflHHHSeTCH ypaBHCHHIO 

r;i,e mJ?- CKopocTb tohkh, r"- ee KOopflHnaTa. BejiHHHHy w"'^ oGbihho Ha3i>iBaiOT co6cTBeHHOH o6o6iLi,eHHOH 
yrjiOBOii CKopocTbio tohkh. OflnaKO sto Ha3BaHHe ne HBjiaeTCH yflanHbiM, HanpHMep, fljiH a(|)4)HHHoro pacTH- 
JKCKHH w"" OTjiHHHO OT HyjiH, HO 3TO npeo6pa30BaHHe He HBjiHeTCH BpameHHCM, TaK, HTO HasBanne «yrjiOBaa 

CKOpOCTb» HenpHMeHHMO. IIpaBHJIbHee Ha3bIBaTb TeH30p W"^ acJDcJjHHHOft HJIH a4)4)HHHOpHOH CKOpOCTblO B 

CHCTBMe k. HHTepecHO flBHJKenHe stoh tohkh OTHOCHTejiBHO jiaGopaTopHoii HHepi^HajibHoii CHCTeMbi OTCHeTa. 
/],0B0jibH0 OHeBH/],HO, ^^iTO OHO b6jih3h Ha^ajia KOop;;HHaT Sypfii y^OBjieTBopaTb neKOTopoMy ypaBHCHHio 

[/" = F" + n"'^L^, (89) 

rfle V^- CKopocTb nanajia KOopflHHaT CHCTeMbi s, U"- CKopocTb to^ikh b CHCTCMe OTC^^iCTa S, ff^"- HCKOTopaa 
MaTpHn,a aeJjcjjHHHOii CKopocTH, L"'- paccToaHHe ot tohkh ^o nanajia KOopflHHaT k paccMaTpHBacMoe otho- 
CHTCjiBHO S. B nepBOM nopHflKe oho onpeflejiaeTca h3 (|79p . KaKOBa JKe 3aBHCHM0CTb il°'" ot uj"^ corjiacHO 

TeOpHH OTHOCHTejIBHOCTH? BblBCfleM eg H3 (|)OpMyjIbI CJIOJKeHHH CKOpOCTCH ()18p . OHeBHflHO, HTO BO BTOpOM H 

TpcTbeM cjiaracMOM HHCJiHTCjia h b 3HaMeHaTejie c Tpe6yeM0H tohhoctbio v mojkho saivieHHTb na V. Tor^a 
noflCTaBHB B psp (JjopMyjiy (j88p h b nepBoe cjiaracMoe Hucjiwienn - p2p . nojiyHHM, pacKjiaflbiBaa flpo6b c 
TOHHOCTBK) flp nepBbix CTeneneii r 






HoflCTaBHM B (|90p BMecTO r BbipajKeHne 



1 _ Vi _y2 
r = L+ ^ (LV)V. (91) 



KOTopoe sBjiaeTca o6paTHbiM k (j79p . OTCio;i,a 



1 - VI - ^^2 



_ vr^y2(^_vr^y2^ ^^^^^^^ „ _ (i - vi - ^')' (vL)(c.^^y^v^)y"- 

(VL)\>" 

~ i-y2 

BbipajKCHHe (j92p Hejib3H npeflCTaBHTb b BH^e 



(92) 



t/" - V^" = i" = e^'^ml^L'', (93) 
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c HeKOTopbiM 17" , 3HaHHT, a(J)4)HHHoe flBHJKeHHe TOHeK B CHCTeMe k OTHOCHTejitHO jia6opaTopHOH ciicTeMe S 
He aejiHeTCH jKecTKHM. CpaBHHBaH sto BbipajKeHHe c (j89p OKOHnaTejibHO nojiyiHM 



Vi- 1^2(1 _ vi - ^2) 



\/2 



n _ ^/TTri72')2 1 _ /I _ T/2 v/^v" 

-^ ^— ; ^(w-'''F''F'')V^"T/'' + ^ w^^F'^F'' 7 (94) 

yi \/^ 1 — v' 

ypaBHCHHe (j94p coctoht h3 hhth cjiaraeMbix, Hexbipe h3 KOToptix cymecTByiOT flajKe npii pasHOMep- 
HOM ^BHJKeHHH fc, a nocjie/],Hee aBjiacTCH cjie^CTBHeM BjinanHH ycKopcHHa nanajia OTcneTa. O^ieBHflHO, hto 
fJ"'^ He aHTHCHMMeipHHeH, a HBjiaeTCH TensopoM o6Hi,ero BH/i,a. 3to oGcTOHTejiBCTBO pesKO HpoTHBope^HT 
cyHi,ecTByiOHi,eH TOHxe spenHH |30| . ho, TeM ne Menee, hojihoctbio y^OBjieTBopaeT Tpe6oBaHHaM TeopHH ot- 
HOCHTejibHOCTH. Hs 3T0H (JjopMyjibi B HacTHOCTH cjieflyeT, hto HOKoamnficH b CHCTeMe OTC^eTa k BexTop r 
HSMenaeTca b jiaGopaTopnoii cncieMe S c MrHOBeHHOii acjaeJ^HKHoit CKopocTbio 

3to Bnpo^^eM, bh^ho nenocpeflCTBeHHO h3 (JjopMyjibi (|32p . b KOTopyio Heo6xo^HMO nopfiiaBwib (j9ip h pe- 
syjiBTaT cpaBHHTb c (j89p . /],aHHaa 4)opMyjia xopomo corjiacyeTca c pesyjibiaTOM CTaibH C. C. CTenanoBa 
\T2\ 4)opMyjia (14)]. 

OopMyjiy (|94p mo>kho necKOjiBKO ynpocTHTb BBO^a CHMMeTpHiiHbiH Tensop S"" h BeKTop fi" flyajiBHbiH 
aHTHCHMMeTpHHHOH HacTH O"'^. IIo onpeflejieHHio 

17" = ie"^'' (l^''^ - n"") . (96) 

5"^ ^ i (O"^ + J7/3") ^ (97) 

3HaHHT 

^a/3 ^ gap ^ ga7/3f|7 (gg) 

OHSHHeCKHH CMBICJI 3THX BejIH^^IKH TaKOB. EcjIH BblGpaTB TaKyK) CHCTeMy OTCHBTa, B KOTOpOH TeH30p 5"*^ 

npHHHMaeT nocToaHHyio flHaronajiBHyio (JjopMy, to 17" npeflCTaBjiaei co6oh yrjiOByio CKOpocTb Bpamenna 
ero rjiaBHbix oceii. IIpH stom flHaroHajiHSHpoBaHHbiH 5"*^ npe^CTaBjiaeT co6oh hx CKopocTb pacTajKenna. 
IIoflCTaHOBKa dMll-ISHl) B jMl) AaeT 



17" = — i- — ^ - — —^ — _^e"^''(a;'>'^y'' - u^''V'')V'^+ 

4 4\/2 ^ J ^ 



+ e°'^'•'(uJ•'-'V'' - uJ^'^vnV^ ~ ^r-lVV - VV) (99) 

4\/2 ' 4(1 - y2) 

5"^ = ^^"^' (C."^ + C.^") - ^^iHZ!ii-5^^iHZ!l(,,7/3yo ^ ^7ay/3)^7_ 



-il — --J-(cj7My7-j/M-)p^ay/3 ,j y_]. ]_(^^a'rYfi ^ uj>^'rv°')V'^ - 

yPya _|_ yay/B 



2V1 - V^ 
no;i,CTaBjiaa b sth BbipajKenHa pasjiojKCHHC anajiorHiHoe (JjopMyjie ((98l 

Q^ _ Q^ I „Q7^,,,7 



(100) 



u! '^ ~ s ^ + e 



0.^ (101) 
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«"P ,,,7 



rfle BejiHT^iHHbi s ^ , a; ' ecTb 

w" = ie"""^ (lj"'^ - w'"') . (102) 



^ 2 

H HMCIOT TOT JKe CMblCJI, HOJiyHIIM 



(w"^+a;^"), (103) 



2 21/"^ 



^QM^y^y'' (104) 



2(1 -y2) 



S'"/^ = ^1 _ y25"/3 _ 1 (eT^/5-l/" + e'^^^V^'^) lo^V^ + ^^ — ^— ^-^(s"^V^'^ + s^^V°')V^- 



- ^ ^^3 L(,7Pl/7yM)y«y^ _ ^^^+^^^ (105) 

Panee paccMaTpHBajiocb flBHJKeHae tohkh OTHOCHTejibHO cncTeMbi OTC^^iCTa k, CHCTCMa KOopflHHaT ko- 
TopoH MFHOBeHHO coBnaflacT c CHCTeMoit KOopflHHaT s, HO He HMeeT coGcTBeHHoro BpamenHH. Ecjih jKe 

B03HHKHeT Heo6xOflHMOCTb paCCMOTpeTb a4)4)HHHOe flBHJKeHHC OTHOCHTejibHO CHCTCMBI S, TO HOJiyHHTb (JjOp- 

MyjiH ^jia acJDcJjHHHOH CKopocTH cooTBeTCTByion;He (|94p , (|99p , (jlOOp , (|104p , (|105p , Gy^eT HeTpy/;HO coBepniHB 
B 3THX 4)opMyjiax saMeny 

w"^=<^ + e"''^f7j, (106) 

B HTore 4)opMyjibi CTanyT neMHoro cjiojKnee. HanpHMep STa no;];cTaHOBKa b (JjopMyjiy (|94p ^aeT 



^a/J ^ yiTlTI^o/? _ ^^LZ!(l_^/LZ!l,,7/3y7yo _ (L^^IZ!)!(^7M1.7yM)y-y/3 + 



IlpH 3T0M HOBaa BejIHHHHa LU'^^ HMeeT CMBICJI aeJjCJjHHHOH CKOpOCTH OTHOCHTejibHO CHCTCMbl S. EcjIH B CHCTeMC 

s o;"^ — 0, TO nocjie ncKOTopbix BbiHHCjieHHii mojkho HOjiynHTb, hto 



n = _^ — ^ ^ ^ ^ V X V (108) 

BbipaxceHHe (j92p mojkho npeflCTaBHTb h b BH^e flpyroii, 6ojiee HarjiH;i,HOH cyMMbi 

U-V = L = rj„xL + A:nL, (110) 

Tflfi ri„L = 0. 3;i,ecb ri„ HBjiHeTCH yrjiOBOii CKopocTbio BpamenHH BeKTopa n, a fc„ - K034)4)Hn;HeHT pacTH- 
>KeHHH Bflojib HanpaBjieHHs n. IIpHpaBHHBaa (IllOp k (|92p . yMHOJKaa o5e nacTH HOjiyHHBmerocH paBencTBa 
BeKTopHO Ha L H pas/iejiHB na L^ mo>kho HaiiTH, hto 



1- VI -1/2 
^2 



f^S = Vl - l/2e''^"w"^n^n^ + ^^^^ ("^) e'^^^cj^'^n^l/'^- 
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_^i Vi J (nV)(c^T^y^y^)e"""n"F"-- ^ , n=- (111) 

y* 1 — y^^ L 

TaKHM o6pa30M, OHeBH;i,HO, HTO KajKfloe HanpaBjieHHe n b flaHHbiii momcht BpamaeiCH OTHOCHTejiBHO S co 

CBoeii yrjiOBOii CKopocTbio. Ha (jllip KpoMe Toro cjie;i,yeT, hto ecjiH flBHJKCHHe b CHCTCMe k OTcyTCTByeT 

{uj°'P = 0) , TO jiioSoe HanpaBjiCHHe ri^ nepneHflHKyjiHpHoe BSKTopy CKopocTH V hjih napajijiejiBHoe BSKTopy 

ycKopeHHH V He BpamaeTCH b jia6opaTopHOH CHCTSMe OTcneTa S. 

EcjiH }Ke B noflCTanoBKe (|110p b (j92p yMHOJKHTb o6e nacTH nojiy^HBineroca paBencTBa CKajiapno na L h 

pa3;i,ejiHTb na L^, to nojiyHHTca, hto K034)4)HD;HeHT pacTHJKeHHs k^ paBCH 

/cn = VT~^V^w"^n"n'^ + i^^-i— Z!(nV) (w"''n"F'^)- 



(Vn)(Vn) 

i-y2 

HoflCTaBHB B 3T0 BbipajKeHHC pasjiosKCHHe (jlOip nojiyiHM 



fll2) 



fc„ = v^l - V^s°'f^n°'n^ + (Vn) [n(a; x V)] 



(Vn)(Vn) , , 

- i^V^ (113) 

B TOM cjiynae, ecjiH aeJjcJjHHHoe /^BHJKCHHe b CHCTeMe k HBjiaeTca hhctbim BpameniieM (s"'^ = 0) ^annaa 
(JjopMyjia npHMBT bh^ 



A:„ = (nV) 



/ V 

n a; X V — 



i-y2 



n=^ (114) 



OTCK);i,a OHeBHflHO, ^ito CHCTeMa KOopflHHaT jKecTKOii HeHHepi^HajibHoii chctcmbi OTCHCTa npH ee flBiiJKe- 

HHH OTHOCHTejIBHO Jia6opaTOpHOH CHCTeMbI S HC fleeJjOpMHpyCTCa TOJIBKO B njIOCKOCTH nepneH/],HKyjiHpHOH 

BCKTopy V H B njiocKOCTH nepneHflHKyjiHpHoit BeKTopy u; x V — V/(l — V'^). TaKHM oSpaaoM, TOHKa ch- 
CTCMBi KOopflHHaT k ppvDKeTCii OTHOCHTejiBHO S HC TOjiBKO HOCTynaTCjiBHO CO CKopocTBK) V H BpaniaHCb 
BOKpyr n,eHTpa c neKOTopoii yrjiOBOii CKopocTbio, ho h HMeeT cocTaBjiaiOHiyro CKopocTH cooTBeTCTByiomyio 

paCTajKCHHIO OTHOCHTCJIbHO Tejia OTCHCTa. 

5. IIpeoSpasoBaHHe jia6opaTopHOii acJjcJjHHHoft CKopocTH b conyTCTByiomyK) 
HeBpaiu,aiom,yK)ca CHCTeiviy OTCHexa 

SaBHCHMOCTb W"'^ OT il"^ MO>KHO SblJIO 6h HaHTH HeHOCpC/lCTBeHHO H3 (j94l) . HO MOJKHO HOCTyHHTB HO- 

;i,pyroMy h bbibccth ee h3 (J19p . YLopfiiaBVLM b (|19I) fljia Majitix r BbipajKenHC (|89p h cooTHomeHHC p2p MejKfly 
4)yHKn,HeH Hpeo6pa30BaHHH v(t) h CKopocTbio V nanajia KOop/i,HHaT CHCTeMbi s. Otbct Heo6xoflHMO HCKaTb 
c TOHHOCTbK) flo HjieHOB HpoHopn;HOHajibHbix nepBoit CTenenH paccTOHHHH. Hpn stom 3aMeTHM, hto BTopoit 
coMHOJKHTejib HHCJiHTejiH upaBOH HacTH (|19p yjKe nponopLi,HOHajieH KOMHoneHTe r", nosTOMy c tohhoctbio 
^o nepBbix CTeneHeH r" nepBbifi coMHOJKHTejib mojkho nojiojKHTb paBHbiM 1 , a 3HaMeHaTejib paBHbiM 1 — V^. 
flajiee Hcnojib3yH p2p neTpy^no noflCHHTaTb, hto 
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1 _ vr^^^,„^ , _ 1 - vT^yi (1 _ ynry2) 



2 



-v-yf^ = "11 " y"F^ - ■^— ^^^ —^{VV){Vr)V°'VP- 



y2 y4(i _ y2) 



YHHTbiBaa: 3th coo6pajKCHHa mojkho naflTH, hto 



1 %/l ^(vr)(y"y'3 + l>^y") (116) 



y2^i _ y2-^ i-y2 yr3y2 



rfle L" onpeflejiaeTCH h3 (j79l) . CjieflOBaTejibHO, ecjiH noflCTaBHTb 3Ty cJDopMyjiy b (|117p h cpaBHHTb nojiy- 
ijHBnieecH BbipajKenHe c (|88l) nojiy^iHivi, hto 






1 — \r\~^v^ (^ — \/^ — i^2A2 



VI -y2 V^2(l_y2) y4(l_-(/2) 

1 - a/1 - y2 1 _ vi - v"^ ■ R v^v" 

- ) n-'^V^VP + ^ 3(VV) V-V^^ + ——^ = ^nvar^ant (118) 

^aHHaa: BCJiHHHHa flOjiJKna 6i>iti> HHBapHaHTOM npH BbinojiHeHHH SycTa. 

Hs (jll8[) MOJKHO HaiiTH yrjiOByio CKopocTb w" rjiaBHbix oceft a4)4)HHHoro Tensopa (|102l) h Tensop cko- 
pocTH Li,eHTpajibHoro pacTHJKCHHa s"^ (jl03p . BbinHCjieniiH flaiOT 



api/j'Qi'A' _ Qt^i"] 1 _ ^/l _ T/2 



wr^^„,,^,^^,,^, „ ^,.^,) ^ _i!!l_^.y^ (119) 






S '^ = 



2V1 - ^^2 2y2Vl - y2 



2V^2(1_^2)^ ^ ^ ' VHl-V^) ^ V V )V V ^ 



^' \^ {YY)V'^VP + 1 ^,J . (120) 



y2vr3y2' ' 2(1 -y2 

Hcnojibsya CHMMeTpHHHbifl TCHSop 3°^" h yrjiOByro CKopocTb BpamennH fi" corjiacHO (|96p - (|98p Haxo;];HM 



VT3172+ 2y2(l_y2) ^ e ^^ >/ '^ +2(1-1/2)+ 2(1-1/2) ^^^^^ 



S 



a^ _ 



S-P , (l-^/T^T^)2^^^^^„^ . ^ „ ^^^^ (i-yi^T^) 



2 



l/7(5'"7-t//3 _(_ 5'/37-t/a) _ V V } (57M;/7-^/M)^Q-^//34. 



713172 21/2(1-1/2) ^ ' y4(l_y2) 

^ (l/a_e">7»A^7)y/^ + ya(l//3_effA7^Al/7) ^ l-VT^"^ (y^V)^.a^.g (^22) 



2(1-^2) y2vr3T^ 
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6. ;^ecTKO Bpaiu,aiOLLi,eec5i Tejio 

IIpHMeHHM nojiyHeHHbie 4)opMyjibi k floCTaTOHHO Majioft o6jiacTH A okojio KOopflHHaTbi R scecTKO epama- 
lomerocH Tejia, Bce tohkh KOToporo spamaroTCH BOKpyr naiajia KOop^HHaT jia6opaTopHOH HHepi^HajibHoft 

CHCTeMM OTCHCTa CO CKOpOCTblO 

V = rjxR (123) 

^eCTKOCTb BpameHHH OTHOCHTejIbHO Jia6opaTOpHOH CHCTeMbI OTCHBTa OSHanaeT OTCyTCTBHe CKOpOCTH 

n,eHTpajibHoro pacTajKenHH oSjiacTH A {S"^ = 0). IIoaTOMy nocjie^HHii Hjien b p2ip HCHeaneT. B peayjibTaTe 
nojiyHHM b BeKTopHOM BHfle, HTO OTHOCHTejibHO CHCTCMbi OTcneTa k 



n (1 - a/1 - y2)2 V X V 

'^ ^ ' Vx{nxV)+ \, (124) 



VI -y2 2T/2(l_^2) V ^ 2(1-1^2) 

BejiHHHHa V paBHa 

V = nxV + r2xR (125) 

IIo^CTaBjiHH ee b (|124p . pacKpbiBaa cko6kh, npHBOfla noflo6Hbie Hjienbi h ynnTbiBaa, hto Vil = nojiy^HM 

n V X (ji X R) 



i-y2 ' 2(1-^2) 



(126) 



^ = -T-^ (127) 



3Ta (JjopMyjia ^aeT MrnoBeHHyio jiOKajibnyK) yrjiOByio CKopocTb BpamcHHs rjiaBHbix oceii o6jiacTH Bpama- 
lomerocH Tejia b6jih3h nanajia OTC^CTa CHCTCMbi k. 

HHTcpecHO cneD;HajibHO paccMOipeTb cnynaM pacKpynnBaioinerocH Tejia, Kor^a BeKTop yrjiOBoro ycKope- 
HHH TCjia napajijiejiCH BCKTopy ero yrjiOBOii CKopocTH. Tor;],a V x (Jl x R) = h 4)opMyjia (112611 pa^HKajibHO 
ynpomacTca 

n 

1^2 

/],aHHoe SHaHCHHe yjKC HSBecTHO h3 pasjiH^^Hbix HCTOHHHKOB [T5], |14l c. 59], [161 cjjopMyjia (31)]. 

PaccMOTpiiM Tenepb fle4)opMaLi,Hio CHCTeMbi KOopflHHaT. CKopocTb Li,eHTpajibHoro pacTajKCHHa onpe;];ejia- 
eTCH TeH3opoM s"^ H3 (JjopMyjibi (|122p . B STOit 4)opMyjie nepBbie Tpa Hjiena b npaBoii nacTH HS-sa jkcctkocth 
;i;BH}KeHHH HCT^iesaiOT. IIoflCTaBjiHa ciofla (jl25p b pesyjibTaie nojiyniiM 

^2^^31723' 2(1-^2) 

TaKHM oGpasoM, ecjiH Tejio OTHOCHTCJibHO oceBoro naGjiiOflaTejia spamacTca jkbctko h paBHOMepno c nocTO- 
aHHOii yrjiOBOii CKopocTbio (J7 = 0), to Tensop CKopocTH flccjjopMai^HH s"° b t. A paBen nyjiio. 3to osHa^^aeT, 
HTO 6jiH}KaHniHe k Ha6jiio/],aTejiio tohkh Tejia BpamaiOTca 6e3 Li,eHTpajibHoro pacTasKCHHa, t. e. tojkc Kax 
TBepfloe Tejio. B tom jkc cjiynae, ecjm tcjio Bpamaeica c yrjiOBbiM ycKopcHHeM, CKopocTb fle4)opMaii,HH, 
BOo6me roBopa, nenyjieBaa. 

PaccMaTpHBaa Tensop CKopocTn fle4)opMau,HH, npeflBapHTejibHO opHCHTHpyeM och CHCTCMbi KOop^HHaT 
TaK, ^iTo6bi ocb 2 6bijia b HanpaBjieHHH BeKTopa yrjiOBofi CKopocTH ft, bcktop R Gbiji nanpaBjienHeM och 3, 
npH 3TOM BCKTop CKopocTH V = il X R 6y/i;eT HanpaBjieHHCM och 1. Tor^a TCHSop s°'" flHaronajiHSHpyeTca 
H eflHHCTBeHHOH HCHyjieBOH KOMHOHCHTOH Sy^CT cro rjiaBHoe SHaHCHHe s^ paBHoe h3 (jl28p 

s^ ^ ." ^ -^ = , ^^"^ , (129) 



op^pinaTOH flo nanajia Bpamenna r^ no^i^HHaeTca ypaBHCHHio 



B CHCTCMC OTC^^ICTa CBaSaHHOH C rjiaBHblMH OCaMH D;eHTpOa4)4)HHHOe /IBHJKeHHe TOHKH c HanajIbHOH KO- 

ypaBHCH: 
u^=sW (130) 
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HHTerpHpya 3to ypasHeHHe, nojiy^HM, hto KOHCHHoe nojiojKeHHe STOii to^ikh r^ (t) onpeflejiHeTca koscJxJjh- 

LI,HeHTOM OTHOCHTejIbHOrO paCTHJKeHHS OCH 1 A^ 

r^it)-r^ =\^r\ (131) 

rfle 

^i^ri^i)_r^^ r.sidi (132) 



' ^0 

BbiiHCjiHM co6cTBeHHoe OTHOCHTejibHoe pacTHJKeHHe o6jiacTH A A^, 3a Bce BpeMH BpameHHH h3 coctohkhs 
noKOH flo yrjiOBOH CKOpocTH fl{t) corjiacHO (JjopMyjie p32p . HojiynHM 

A = —r = / . dt = , - 1, 133 



(134) 



OTCK);i,a 



ri(t) = ^ (135) 

Vl-i?2fi2(i) 

3tot pacHCT npeKpacHO corjiacycTca c hsbccthbim 4)aKT0M, hto y BpamaiomerocH flHCxa b npoD;ecce ycKO- 
pcHHoro BpameHHH ero MaiepHaji pacTarnBacTca b HanpaBjieHHH och 1 KaK pas b 1/^1 — R^Vfi{t) pas. 

7. HeKOTopbie CBoitcTBa o6iu,ero npeo6pa30BaHHa JIMH. Bpamenne BnrHepa 

EflHHCTBeHHOCTB cneii,HajiBHoro npeo6pa30BaHHH JIMH 

CneLi,HajiBHoe npeo6pa30BaHHe JIMH HBjiaeTca eflHHCTBenHbiM bo3mo>khmm tojiohomhijIm npeo6pa30BaHH- 
eM npH ycjiOBHH ero cooTBCTCTBHa nerojiOHOMHOMy flH4)4)epeHii,Hajii>HOMy npeo6pa30BaHHio JIopeHii,a, ecjiH 
flBHJKCHHe B flaHHbiii MOMCHT BpeMCHH CTajio pasHOMepHBiM. PaccMOTpHM 3TO o6cTOHTejiijCTBO HyTb Sojiee 
noflpo6HO. 

^eiicTBHTejibHO, b tom cjiynae, Korfla CHCTeMa s CTanoBHTca HHepi^HajibHoii ciiCTeMoii OTC^^ieTa ( t. e. 
V — const ) , MajiBie npHpamenHH KOop^HnaT dR°' h BpeMSHH dT CHCTeMbi S ;i,oji»cHbi nepeiiTH b npnpameHHH 
onpeflejiHCMbie h3 nerojiOHOMHoro flH4)4)epeHii,Hajii>Horo npeo6pa30BaHHH JIopeHD;a 

(136) 

(137) 

dR = -jf== + dv+ \ ;:__ (vdr)v (138) 

V 1 — f w^v 1 — w 

EcjiH CHHTaTb, ^iTO 4)yHKii,Ha V ecTB 4)yHKLi,HH BpeMCHH s, TO HaH6ojiee HpocTO cnen,HajibHoe npeo6- 
pasoBaHHC JIMH ([T]), ^ mojkho nojiyHHTb npoH3BO/i,a TpHBHajibHoe HHTerpHpoBanHC (I137p . (|138p . HpH 

HHTCrpHpOBaHHH HaflO y^^eCTb, HTO K034)4)HIi;HCHTbI K^^ SaBHCHT TOJIbKO OT Co6cTBeHHOrO MHpOBOrO BpeMC- 
HH t. HoCTOHHHbie HHTerpnpOBaHHH MOaCHO CHHTaTb paBHblMH HyjHO, eCJIH B HyjieBOii MOMCHT BpeMCHH HO 

HacaM s TA S nanajia KOop/],HHaT o6chx chctcm OTcneTa coBnaflaiOT. 

EcjiH TGHcpb HpoH3BCCTH o6paTHoe flH454)cpcHn,HpoBaHHe ypaBHCHHH ([I]), (12), TO, HOjiaraa saxcM v = 
, 3TH flH(J)4)epcHn;Hajibi HcpciiflyT b p37p . (|138p . HacTHOC Hpco6pa30BaHHC JIMH HBjiacTCH cflHHCTBCHHbiM 
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dT - 


dX' ^A 
dt 


\dx'' 

•vdr 

1 




-\- fir -\- 


VI -v^ 


vdt 


l-Vl-w^ 


Vi-^ 


r 


wVi-f2 



npeo6pa30BaHHeM, oGjiaflaiomHM TaKHM cbohctbom. 3to o6cT0HTejibCTBO jierKO flOKasaTb, npH6aBjia:H k npa- 
Boit nacTH ([T|) neKyio CKajiapnyro 4)yHKn,Hio f{t,r) , a k npaBoii nacTH ([2|) BeKTopnyio 4)yHKi];Hio f (t, r) , 
flH4)4)epeHi],HpyH h nojiaraa saTeM v = 0. B peayjiBTaTe nojiynnM, ^^to 

/(i,v,r) =hv + const, f°'{t,^^,r) = h"^v^ + const (139) 

rfle h, h"^ - neKOTopbie nocTOHHHbie BeKTop h Tensop cooTBeTCTBenHO. To, hto ohh BOoSme paBHbi nyjiio 
BHflHO H3 cpaBHeHHH nojiyHHBinerocH npeo6pa30BaHHH c tojiohomhijIm npeo6pa30BaHHeM JIopeHu,a. Cjieflo- 
BETejibHO flaHHbie dpynKuwa CBo;i,aTca k nocToaHHbiM, hto cooTBeiCTByeT npocTbiM H3MeHeHHaM nanajia 
OTcneTa BpeMCHH h nanajia OTC^^eTa CHCTeMbi KOopfliinaT. TaKHM o6pa30M, cneii,Hajii>Hoe, a 3HaHHT h o6mee 
npeo6pa30BaHHe JIMH HBjiaeTca e/i,HHCTBeHHbiM. 

OopMHHBapHaHTHOCTb o6iii;ero npeo6pa30BaHHH JIMH 

Eme oflHHM CBOHCTBOM o6iii;ero npeo6pa30BaHHH JIMH sBjiHCTca ero (JjopMHHBapHaHTHOCTb npn npoH3BOjiij- 

HOM HOBOpOTC H UpH HCpeXOflC B flpyryK) HHepH,HajIbHyiO CHCTCMy OTC^eTa, KaK 3T0 H flOJIJKHO 6bITb. BBHfly 
TOrO, HTO KOOpflHHaTbl R" npCflCTaBJIHIOT C060H BCKTOp, 4)OpMHHBapHaHTH0CTb npeo6pa30BaHHa OTHOCH- 
TCJIbHO HOBOpOTa OHCBHflHa. HTo6bI flOKa3aTb HeH3MeHHeMOCTb ero OTHOCHTCJIbHO 6yCTa, yCJIOBHMCH, HTO 

CHCTCMa s':(i, r') ^BHJKeTca c napaMeipaMH npeo6pa30BaHHH v*, a*"" OTHOCHTejibHO neKOTopoii Hnepn^Hajib- 
HOH CHCTeMbi OTCHeia S*:(T* , R* ) , coBepniHM nepexofl hs cncTeMbi OTcneia S** b /^BHJKymyroca c hoctoshhoh 
CKopocTbio u OTHOCHTCJIbHO Hcc HHepn,HajibHyio CHCTCMy OTCHCTa S:{T, R) H HOKajKCM, HTO Hpeo6pa30BaHHe 

T* = , + / , 140 

R*" = ia*^"r'^ + l^^^^^v*''v*''a*^-'r'^ ]+ f ,"*°''^ (141) 

\ t;*Vl-v*2 J J^ Vl"W*2 ^ ^ 

B HOBOH CHCTCMC OTCHCTa 5, KOTOpyK) MOJKHO HpHHHTb 3a Jia6opaTOpHyiO, HC H3MeHHTCH. KoOpflHHaTbl H 

BpcMH B CHCTCMax OTCHCTa S, S* CBHsaHbi o6biHHbiM npeo6pa30BaHHeM JIopeHn;a 

Vl — w^ 



R . R* + ^:^^^(uR-)u - -^L^. (143) 



u^\/l — u^ vT — u 
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PaccMOTpHM cnanajia CHeH,HajibHoe Hpeo6pa30BaHHe JIMH b cncTCMy s: {t,r){a*°'^ — S"^). Ho^CTanoBKa 
ypaBHeHHH ([Ti^ . ([Ti5| b piD|) . plT|) ^acT (r' = r) 

~ ' ^ - ""* ^ dt (144) 




\/l — u^Vl — f * 



, . , . , (i-vr^^)(i-x/r^^) , ,, , , , 

(v r)v H r^ — (uv )(v r)u- 



\-Vl-u 



(uv*)u) dt (145) 



Vi - uVi - 'y*2 J 7o \ Vl - v*'^ Vl-uVi-'f*^ MVi-uVi-'y*2 

06o3HaHHM 

V* u ^ 1- Vl-u^ (uv*)u _ V 



\/l — "y*^ \/l — U^\/\ — V*"^ M^Vl — V*"^ \J\ — U^ \J\ — V^ 
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rfle 

^/l _ „2^r* _ „ n - ,/i _ ,,2^11-1^* "ill 

(147) 

(148) 
yi — v'-yi — w y I — w w'Vi — f" V-L — w \/ 1 — v" 

V* - ,/l _ ,,*2,, n - ^/1 - 1l*2VllV*W* 

(149) 



(uv*)(v*r)u— 

, , .- (150) 

Oh3hhcckhh CMbicji V 3aKjiK)HaeTca b tom, hto aia sejiHHHHa aBjiHCTCH CKopocTbio flpyroii CHCTeMbi otchctr 
s (naHajio KOTopoit flBHracTca TaKsce KaK h s', a och KOTopoii bo BpeMH ee /],BHJKeHHa flBHraiOTCH ycjiOBHO 
nocTynaTejibHo) OTHOCHTCJibHO CHCTeMBi S (cm. saMe^iaHHe nocjie 4)opMyjibi (|19p ). BejiHHHna jkc v', Kax 
flajiee Sy^eT bh^ho, aBjiacTca STOii CKopocTtio b CHCTCMe KOopflnnaT s', HMeiomeft flpyryio opHeHTan,Hio 

OTHOCHTejIBHO S. 

Tor^a npeo6pa30BaHHe (|144p . p45p mojkho npiiBecTH k BHfly 

v'r /■* dt 





Vl~u2v*-u (1- Vl-u2)(uv*)u 




1 — UV* 1*2(1 — UV*) 




V* u 1- Vl-w*Muv*)v* v' 




Vl-t;*Vl-w2 VI -M^ W*2V1-W*2 Vl-M^ Vl - ^'2 




^, v*-Vi-'y*2u (1- Vi-i'*2)(uv*)v* 




1 — UV* t)*2(l — UV*) 


1-Vi 


-U2 1-Vl-t'*^ , , , (1-Vl-W*2)(l- Vl-U2), 

(v-r)u _ ^ 



VT^^^Jo VT^^ ^^^^' 



* vdi 



R = A+ / -== (152) 

/o Vl - V 



rfle 



,2 ^ „,2 ^ ("-v*)^-("Xv-)^ yir^ = -^^^-^^^^ (153) 

(1 — uv*)^ 1 — UV* 

IIpHMeM Tenepb A paBHbiM 

1 _ Vl -v^ 
A = p+— ^^(vp)v (154) 

rfle p ecTB HCKOTopaa: BejiH^^iHEa nofljiejKamaH onpeflejieHHio, npaneM h3 SToro ypaBHenHs h (|150I) hcho, ^^ito 

p" = 6^"r'' (155) 

c HCKOTopbiM 5^". Hs (|154[) p 6y^eT paBHO 



1 - Vl - v^ , . , . 

p = A \ (vA)v, (156) 



a H3 (|156P BHflHO, T^ITO 



vp = Vl - v'^ vA. (157) 

C flpyroH CTopoHbi, nepeMHOJKaa v h A, ncnojibsya (|147p h (jl50p . pacKptiBaa ckoSkh h npHBO/;a noflo6Hbie 



HjieHbi nojiyHHM 



v*r ur 1 - Vl - w*^ 



vA = ^^ ^ - ^ , ^(uv*)(v*r). (158) 

vr^^vi - v*2 VT^^ w*2vi - u*2vr^^ 
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Ha (|158p bh;i,ho, yHHTbiBaa SHa^eHHe v'/Vl — v''^ h3 (|148p . hto 

vA = -=i==v'r (159) 

V 1 — w 

IIo^CTaBjiHH (|159p B (|157p . bh;i,ho, hto 

v'r = vp (160) 

H BCKTOp v' CBSSaH CO CKOpOCTBIO COOTHOmeHIieM 

v'/^ = b^°'v°', (161) 

T.e. HBJiaeTCH BCKTOpOM CKOpOCTH B HOBOH CHCTCMe KOOpflHHaT. 

C yncTOM (|154p h paBencTBa p60p npeo6pa30BaHHe (|15ip . (|152p OKOHnaTejibHO BbirjiH^HT b BH^e 

VT^^ ^ Jo VT^^ ^^^^' 

B MaTpHHHOM BTipfi 3TO npeo6pa30BaHHe hmcct bh^ o6iLi;ero npeo6pa30BaHHH JIMH 

^ VT^^ ^ Jo VT^^ ^^ ' 

i?" = / 6'3"r^ + l^-^^v'^v-'b^-'r^ ]+ t ^^ , (165) 

\ v^VT^^ J Jo VT^^ 

TaKHM o6pa30M npn nepexofle h3 jia6opaTopHofl: HHepn,HajibHOH cncTeMbi OTcneTa b flpyrym HHepLi,H- 
ajiBHyio CHCTeMy flBHraiomyioca co CKopocTbio u cnei^HajibHoe npeo6pa30BaHHe JIMH ([T]), ^ nepexoflHT 
B o6mee npeo6pa30BaHHe (|164p . p65p . 06Ln,ee jKe npeo6pa30BaHHe JIMH (|69p . ([70]) c MaTpHi^eit Bpame- 
HHH a*"'^ npn nepexofle b ^pyryio CHCTCMy OTcneTa nepeii^eT TaKsce b o6iii,ee npeo6pa30BaHHe (i.e. 6yfleT 

4)0pMHHBapHaHTH0), HO C HOBOH CKOpOCTBK) V paBHOH (J147P H HOBOH MaTpHD;eH BpameHHH a"^ paBHOH 



a 



f3a ^ 1,10.^*131 _ (166) 



HpH coBepineHHH 6ycTa co6cTBeHHoe ycKopenne h yrjiOBaa CKopocTb CHCTeMbi s' pa3yMeeTca sBjunoTCH 
HHBapHaHTaMH Hpeo6pa30BaHHa JIopeHH,a. YHHTBiBaa SHanenHH xapaKTepncTHK CHCTeM OTcneTa s pop , (jlip 
H ypaBHCHHa (|77p . (j78p mo>kho 3aHHcaTb, hto b jia6opaTopHOH CHCTSMe OTcneTa S h CHCTeMe 5"* coGcTBennoe 
ycKopcHHe H yrjiOBaa CKopocTB CHCTCMbi s' paBHbi 



1 .« i-a/T 



f 



2 



^'"°^''°" 7T=i?"'' + w:r^(^^>"1^ 



1 .,. , 1-VT^ 



■ 2 



= a*"'^ ^-j*/^ J- Z 1± _^,NV*^„*^ 1 - 



Vl-W*2 W*2(l-u*2) 



(v*v*)u*^ ~ f orm — invariant (167) 



t;2-^l — ■yS t;*2-\/l — ti*2 

— form — invariant (168) 
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/l^oKasaTejibCTBO Toro, hto cbhsi. Mexc^y pur HBJiHeTCH noBopoTOM 

B03B0flH (J156P B KBRflpaT nOJiyHHM 

p2 = A^ - (vA)2, (169) 

BbiHHCjiHM A^ H (vA)'^ B HBHOM BH;i,e. Bo3Bo;],H ypaBHCHiie (I150p B KBa/],paT H npHBOfla nofloSHBie hjichbi 

HMCCM 

2_ 2 , (v*r)2 , (ur)2 ^ (1 - Vl - v*2)2(uv*)^(v*r)2 2(v*r)(ur) 



(l-u2)(l-i;*2) 1_,,2 ^*4(l_„*2)(l_y2) (1-^2)71^^ 



* 2n-„2^n-,.*2^ ("^ )(^ '^) + .o ^ r^.; ^("v )(v r)(ur) (170) 



f*2(l-u2)(l_„*2)^ ^*2^/j— ^(l_y2) 

AnajiornHHO HcnojiBsya (jl58p . pacRpbiBaa cko6kh h npHBO^a noflo6Hbie Hjienbi nojiy^iHM 



(vA) 



2 (v*r)^ (ur)^ {1 - VI - v*^y^{uw*f{w*rf 2(v*r)(ur) 



(l-u2)(l-i;*2) 1-^2 t,*4(l_^,*2)(l_y2) {l-u^)VT^lf^ 



(uv )(v r) + -(uv )(v r)(ur) (171) 



^*2(l_y2)(l_^*2)V V*^VI-V'^1-U'^) 

CjieflOBaTejiBHO, h3 (jl69p nojiynHM, yHHTbiBaa (jl70p h (J17ip . ^ito 

p'=r2, (172) 

a 3T0 H osHanaeT, hto jiHHeftHoe npeoGpasoBaHne p — > r: p" = })P<^fP HBjiaeTca noBopoTOM. 

MaTpHii,a H yroji noBopoTa BHrnepa 

BbiHHCjiHM MaTpHii,y SToro npeo6pa30BaHHa: b""^ b hbhom bh^b. IIoflCTaBjiHH b (|156p 3HaHeHHe A h3 (J150I) h 
Hcnojib3yH (|158p . a TaK»ce pasjiosKCHHe 

(u - v*)^ - (u X v*)^ = (l + Vl- wVl-w*2 - uv*] f 1 - Vl- wVl-w*2 - uv*] (173) 



nojiy^HM 




^l-^/^- 
(v*r)u 


-«2 
-u2 



i_yr3^ (i-yT^^)(i-VT^^), ,,, , , 

("r)u + —— ==^(v*r)v* + ^ ., , /--^ /^ T ^ (uv*)(v*r)u^ 



V 



Vl-v*"^ v*^u'^\/l-v*^Vl 



Vl-uVl-W*^ 1 + Vl-MVl-t'*^ - uv* 



1 /./^-^..* .. , (l -x/T^^)(uv*)u \ ^ 



V 1 — u2v* — U 



v*r ur (l-Vl-t'*2)(uv*)(v*r)\ 



\ vT— 1*2 vT^U*2 \/l — ^2 t;*2^1 — U*2^1 — u2 

OTCK>;i,a MaTpHiia npeo6pa30BaHHH 6*^" 6y;i,eT paBHa 



J,/5o = S'^P + i^^^S,-,*/^ + l-VT^^..a..,. + (i^^^l^)(L_^3(uv*)«%*'^- 
f *2\/l — ti*2 U^y/l — u2 u2ii*2^1 _ ti*2^1 _ j|2 



^"«*'^ 1 r J ,„ „ fl-VT^^)(uV*)u"\ 

• V 1 - U^V - U + :^ X 



Vi-'y*Vi-u^ 1 + Vi-uVl-t'*^ - uv* 
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X ^ , ^^ =(uv*)i;*P (175) 

CoScTBeHHoe Bpameniie c MaTpHn,eH noBopoTa b"^^ cnepyei nasbiBaTb co6cTBeHHi>iM BpamenneM BnrHepa. 
l|||jlK)6yio MaTpHiiy noBopoTa oSbihho sanHCbiBaroT b CTanflapTHOM BH^e b yrjiOBbix KOopflHHaTax: ocb noBO- 
poTa n, yroji noBopoTa if. fljia TpaHcnoHHpoBaHHOfi Maipimbi noBopoTa ona HMeei bh;i, [311 c.23, hh^kkhh 
4)opMyjia (7)] 

^/3a ^ gfsa cos^ + n^ n"" [l _ COS V3) - e^'^^n'^ sin(^ (176) 

SaMeHHM yroji (/3, cooTBeTCTByioinHH TpaHcnoHHpoBaHHOii MaTpHi^e noBopoTa, na yroji 0, na KOTopbiii npo- 
HCxoflHT noBopoT corjiacHO Lp — —0 [31, c.29]. B pesyjiBTaTe nojiyHHM 

^/3a ^ j/Ja ^^^g ^ _^ n^„" (1 - COS 0) + e"'''^n'^ sin (/) (177) 

B CBSSH c 3THM BCTacT 3a/i,aHa onpe/i,ejieHHa yrjia noBopoTa cooTBCTCTByiomero Maipime h"' . HaH6ojiee 
npocTO yroji (j), na KOTOpbiii nponcxoflHT noBopOT mojkho nojiy^HTb HCxoflH h3 4)opMyjibi (J16ip bcktophbim 

nepeMHOJKCHHCM BCKTOpOB v' H V 

v' X V 
nsin0= ^ (178) 

V 

MojKHO OflHaKO nocTynHTb no flpyroMy h onpc;];cjiHTb stot yroji no MaTpHu;e 6*^" ;i,ByMH cnocoSaMH. One- 
BHflno, HTO CBepTKa 6"" paBna 1 + 2 cos 4>. Cjie/],OBaTejibno, b peayjibTaTC ncKOTopbix BbinncjienHH MOJKno 
nojiyHHTb cjieflyiomee BbipajKCHHC 



6""-l VT^^+\/T^^-uv* + ii^^i^^^fe^i^^(uv*)' 

cos (/. = = , _ " " — 179 

2 1 + \/r^^Vl - v*^ - uv* ^ ' 



C flpyroH CTopoHbi, yroji cooTBeTCTByroninii MaTpHu;e noBopoia 6"'^ 6y^eT paBcn h3 (|177p 



(180) 



PesyjibTaT Bbinncjiennn ecTb 



. , uxv* / (i-VT^^)(i-x/r^^) \ 

nsmrf) = , -1 ^ — ^ uv 181 

OopMyjibi (|179p . (|18ip MO>KHO sanncaTb npom,e, ecjin BOcnojibsOBaTbCH cJDopMyjioii /ijia Tanrenca hojiobhr- 
Horo yrjia. B pesyjibTaie nojiy^HM 

"^2 "l + cos0 (l + VT"~^) (1 + \/l - v*2) - uv* -^ 

^annbiii yroji coBna^acT c flaBHO BbinncjiennbiM yrjiOM Bnrnepa fljiH o6biHHoro npeo6pa30BaHHH JIopeHn,a 
|21| . [221 (|)opMyjia (20)]. Ho b cJDopMyjiax (jl79p . (|181D . (jl82p yroji Bpan^ennH Bnrnepa ^jih HeHHepn;HajibHoro 
;],BH}KeHHH BOo6ni,e roBopa saBHcni ot BpeMenn H3-3a nepeMennocTn v* (t) . 



I OSbiMHO BpameHHeM BHrnepa HaabiBaeTca noBopoT cnHHa npH BbinojiHeHHH 6ycTa OTHOCHxejiBHO jia6opaTopHOH chctcmbi 
S. IlocKOjibKy 3TO Bpaii],eHHe no^pasyMCBaeTCH BHyTpeHHHM h TaK, KaK h3 pa3/i,ejia 4 HSBecTHO, mto co6cTBeHHoe BpameHne He 
sBjiseTCH B jia6opaTopHOH CHCTeivie OTcneTa mhctbim BpameHHeM, ^anHBiH HOBopoT npannjiBnee paccMaTpHBaTB HCKjiiOHHTejibHO 

B CHCTeMe s. 
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O CBH3H Me:»<fly co6cTBeHHoft npeLi,eccHeft ToMaca h BpameHHeM BnrHepa. 

Co6cTBeHHoe BpameHHe BHrnepa ne cjie^yex CMeniHBaTb c co6cTBeHHOH npeii,eccHeH ToMaca, sto xoth h 
TecHO CBHsaHbie MesK^y co6oh, ho nesKBHBajieHTHbie noHHTHa. Cyib otkpmthh ToMaca saKjiiOHaeTca b tom, 
HTO ecjiH jKCCTKaa CHCTeMa OTcneTa s ^BHJKeTca TaKHM o6pa30M, hto b KajKflbiii momcht jia6opaTopHO- 
ro BpeMeHH ee KOopflHHaTHbie och (b6jih3h nanajia OTC^ieTa) coBna;i,aiOT c MrnoBeHHO conyTCTByromefl eft 
HHepn,Hajii>HOH CHCTeMoft OTcneTa, to CHCTCMa s o6jiaflaeT HCKOTopoft co6cTBeHHOH npei^eccneft, KOTopaa h 
HBjiHeTCH npeLi,eccHeH ToMaca. CoGcTBCHHoe jkc Bpamenne BnrHepa flonojiHHTejiBHO k npei^eccHH ToMaca, 
KaK BHflHO H3 ypaBHeHHft (|166p . (J168I) . onpeflejiaeTca MaTpHi^efi b"" h noaBjiaeTca npn jiio6om 6ycTe. 

Bee BbiinecKasaHHoe mojkho noacHHTb cjieflyiomHM npHMepoM. IlyeTb b neKOTopoft jia6opaTopHOH ohctb- 
Me S* Hanajio jkcctkoh CHCTeMbi OTC^eia s flBHJKeTca co CKopocTbio v* . fl^aMnasi CHCTeMa OToneTa o6jia/i,aeT 
co6cTBeHHOH npeLi,eccHeH ToMaca 



a^ = ^ ^ X V* (183) 



V 



*2 



VT 



ITpoHSBefleM Tenept 5yeT co CKopocTBio u. B hoboh jia6opaTopHoft CHCTeMe OTcneTa S nanajio OTcneTa s 
HMeeT yjKe CKopocTb v, CBHsaHHyio c v* h u saKOHOM BbiHHTaHHa CKopocTeft (|147p . a och KOopflHHaT s Hcnti- 
THBaroT flonojiHHTejiBHoe BHrnepoBCKoe Bpamenne ()175p . Cjie;i,OBaTejibHO, yrjiOBaa CKopocTb co6cTBeHHoro 
BpamcHHH s B HOBOH CHCTBMe CKjiaflbiBacTca corjiacHO (JjopMyjie (j78p h3 flByx cocTaBjiHiOHi,Hx: 

f]j" = b'^f^n^ + J^ (184) 

3flecb BCKTop VIt HBjiaeTCH nacTOTOft co6cTBeHHOft npen;cccHH ToMaca CHCTeMbi s pip paccMaTpHBaeMoft 
B HOBOft CHCTCMe 5", 6"^ ecTb MaTpHn;a co6cTBeHHoro BpanjeHHa BnrHepa (jl75p . a cj'" ecTb BHrnepoBCKaH 
yrjiOBaa CKopocTb BpaHi,eHHH, BbipajKeHHaa b CHCTeMe KOop;i,HHaT s, npHneM ona CBHsana c BHrnepoBCKOft 
MaTpHn,eft cooTHomcHHeM aHajiorH^^iHijiM (j76p : 



2 dt 



u^'{l = T;e'''^b^"-jr- (185) 



EcjiH HOflCTaBHTb B (|184p 3HaHeHHe rj^ BbipaiKeHHoe Hepe3 v* h u, a TaK>Ke 3Ha^iCHHe MaTpHn,bi BHrne- 
poBCKoro BpanieHHs (|175p . to ()184p o6paTHTca b TO>K/],ecTBO. 

PaccMOTpHM OTflejiBHO i^acTHbiH cjiynaft p84p . Kor^a npoH3BOflHTCH HOCjieflOBaTejibHbie (b 6jiH3KHe mo- 
MeHTbi BpeMenn) 6ycTbi b MrHOseHHO coHyTCTByioni;He s HHepn;HajibHbie CHCTCMbi OTC^ieTa. B stom cjiynae 
HOBaa Hpen;eccHH ToMaea encTeMbi s (nepBbift hjich b npaBoft nacTH (J184I) ) 6yfleT Majia h bch co6cTBeHHaH 
Hpcn,eccHH ToMaca Jl^ 6y;i,eT OTHOCHTbca na c^^ei BpaHi,CHHH BnrHepa. 3to o6cToaTejibCTBO HeipyflHO pfma- 
saTb. ^eftcTBHTejibHO, nycTb b MOMeHT T* + AT* CKopocTb CHCTCMbi s CTajia v* + Av*. IlepeHfleM b CHCieMy 
OTCHCTa /iBHraiomyioca: co CKopocTbio u = v* . Ho^CTaBHB ^annbie 3Ha'iCHHa b p82l) h y^iHTbiBaa, hto yroji 
noBopoTa BnrHepa 4> Maji, b pe3yjibTaTe nojiyHHM, hto oh panen 



^ 1 — ^^^2vxAv*. (186) 

U^V 1 ~ ^^ 

OneBH/^HO, 3T0T yroji coBnaflaeT c co6cTBeHHOft ^acTOTOft npen;eccHH ToMaca yMHOJKCHHOfl na npoMCJKy- 
TOK co6cTBeHHoro BpeMCHH. 3to o6cTOHTejibCTBO HHorfla paccMaTpHBaeTCH KaK no^TsepiKfleHHe Toro, hto 
npeu,eccHH ToMaca h BpaniCHHe BnrHepa hbjihk)tch pa3HbiMH Ha3BaHHHMH o/i,Horo h Toro jkc 4)H3HHecKoro 
HBjieHHH. ^aHHoe MHenne HBjiaeTCH pa3yMeeTCH oniH6oHHbiM, nocKOjibKy fljia HpoH3BOjibHoro 6ycTa npoBO- 
flHTb pa3jiHHHe Me:x.fly BpanieHHCM BnrHepa h HpeH,eccHeft ToMaca coBcpmeHHO Heo6xo/],HMO. 

B KanecTBe eme OflHoro npHMcpa HOflTBepjK^aiOHi;ero CHpaBe;i,jiHBOCTb (|184p mojkho paccMOTpcTb eHi,e 
ero nacTHbift cjiynaft, Kor^a CHCxcMa s b nepBOHanajibHOH jia6opaTopHoft cncTCMe flSHrajiacb npHMOjinneftHO 
H paBHoycKopcHHO. B 3T0M cjiynae ee co6cTBeHHaH npen;eccHH ToMaca panna nyjiro. Tor^a h3 (|184l) cjie^yeT, 
HTO B hoboh jia6opaTopHOH cncxcMe Bpamenne BnrHepa n Hpen,eccnH ToMaca CHCTCMbi s ^ojukhm 6biTb 
npoTHBOHOJioJKHbi H KOMHeHCHpoBaTb Apyr ;i,pyra. ^annbift BbiBOfl 6y^eT npoBepen ^ajiee, b pa3/i,ejie 10. 
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8. npeo6pa30BaHHe JIMH b 4-MepHOM BH^e 

OopMHHBapHaHTHOCTB BejIHHHH P67p . P68P HaBOflHT HE MblCJIb, HTO flaHHbie XapaKTepHCTHKH CHCTeMbI 

OTCT^ieia sBjiHiOTCH 4-HHBapHaHTaMH. ^aHHoe npeflnojiojKCHHe mojkho npoBepHTb sanHcas o6iii;ee npeo6pa- 
30BaHHe JIMH b 4-MepHOM Biifle. J^nsi SToro BBe^eM cjieflymmHe BCKTopbi 



A"^ = (A"0, A"^) - ( 4l£L, a"^ + L.^^^v^v'^a'^^^ ] (188) 

Tflfi rpenecKHe HHfleKCbi KaK oGbihho npoSeraiOT SHaneHHa 1,2,3. nepBHit HH;],eKC y KajK^oro 4-BeKTopa ot- 
BenacT aa ero HOMep, a BTopoii - sa ero KOMnoHCHTy. Cmbicji BpeMeHono/i,o6Horo 4-BeKTopa saKjiiOHaeTCH b 

TOM, HTO OH HBJiaeTCH e^HHHHHblM H KaCaTejIbHblM K MHpOBOH JIHHHH Ha^ajia OTC^CTa CHCTCMBI s' . CmHCJI 

jKe npocTpaHCTBeHHonoflo6Horo 4-BeKTopa nop, HOMepoM a saKjiiOHaeTCH b tom, ^to oh sBjiaeTca cooTBeT- 

CTByiOmHM OpTOM ;i,eKapTOBOH CHCTCMBI KOOpflHHaT s' . B 3TOM HCTpyflHO y6eflHTbCH SaMCTHB, ^TO A°' , A'^* 
yflOBJieTBOpfllOT paBenCTBaM OpTOHOpMHpOBaHHOCTH 

A°*A% = 1, A"*A", = 0, A™A^, = -5"^, (189) 

Tflfi jiaTHHCKHe HHfleKCbi ecTb 0,1,2,3. TaKoit jiOKajibHbiii opTOHopMHpoBaHHbiit KOMnjieKC neTbipex 4- 
BCKTopoB A"*, A'^^ oflHH H3 KOTopbix (BpeMeHonoflo6HbiH, A"*) pacnojioiKeH B^ojib KacaTejibHoit k mhpoboh 
JIHHHH Ha^ajia OTcneTa CHCTCMbi KOop/;HHaT s' , a flpyrne - npocTpaHCTBeHHOHo;i;o6Hbie (A'^*, (3 = 1,2,3) hb- 
jiHMTCH HanpaBjiHioniHMH opTaMH CHCTCMbi s' , KaK HSBCCTHO HasbiBacTca TeTpafloii. Tor^a nanGojiee o6Hi,ee 
npeo6pa30BaHHe JIMH ([6]), ([7]) b CHCTCMy s' 6y;i,eT BbirjiafleTb b npocTOM 4-MepHOM BH/i,e 



X' = A"'x'" + / A"Ma;^ (190) 



rfle a;'", da:° npeflCTaBjiHKJT coGoii K034)(J)Hu;HeHTbi npH 4-BeKTope. ^H4)4)epeHn,Hpya: (|190p HOjiyHHM 

dX' = A"Mx'" + x'"dA"' + A°'dx° (191) 

EcjiH Tenepb npoflH4)4)epeHu,HpoBaTb KOMnoneHTbi A"*^ h3 (I188p . 3aMeHHTb b nojiyHHBnieMCH BbipasKcnHH 
npoH3BOflHbie da"^ /dt corjiacHO ypaBHCHHro (j75p h b HTore ynecTb BbipajKenne w'" h3 (|78p . to HOjiyHHM, 

HTO 

^ajiee b nepBOM h BTopoM ^jiene b npaBoit nacTH SToro paBCHCTBa ynTCM paBCHCTBO " vHHHToaceHHH " (| 73p . 
3HaHeHHe npen;eccHH ToMaca (|13p h Bes^e HOflCTaBHM bmccto npoH3BOflHbix v'^ hx 3HaHeHHH corjiacHO (|12p . 
Hocjie SToro Heo6xoflHMO ynecTb ypaBHenne (|77|) . Hocjie Bcex BbiHHCjieHHit HOjiyHHM, hto 



^ ^ W"^^=L= + e'^^m''^^l= (193) 

aa;" VI - f ^ V 1 - w^ 

^eiicTByH anajiorHHHO, ^jih npoH3BOflHOH KOMnoHCHTbi A"'^ mo>kho HaiiTH ee cjieflyromee 3HaHeHHe 



da;0 yr^^ 1.2^13^ ^ ^ 

ypaBHCHHa (|193p h p94p mo>kho 3aHHcaTb b eflHHOH cjaopivie KaK 

^ = W^'"A°^ + e"^^f]'''A''^ (195) 
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Ha p89p H (|195p OH;eBH;i,eH TeTpaflHbifi cmbicji xapaKTepncTHK chctcm OTcneTa 

W'"^K\''-^ (196) 

CyMMa B npaeoH nacTH (|195p HBjiHeTca CKopocTbio HaMenenHH Tpna^bi 4-BeKTopoB A'" OTHOCHTCjibHO 
jiOKajiBHOH HespamaiomeHCH CHCTeMbi. nepBtiii njien b Heii OTBenaeT sa nepenoc OepMH - YojiKepa |171 c. 
218, (|)opMyjia (6.14)], a BTopoft hjibh OTBenacT sa Hajinnne co6cTBeHHoro BpameHHH [171 c. 221, 4)opMy- 
jia (6.22)]. Hcnojibsyii sto cooTHomeHHe, mojkho nojiyHHTb b (I97p paajiojKeHiie BCKTopa dX"^ no BCKTopaM 

TCTpa/],!.! 

dX' = A^'idx'^ + x'^e'^^m'^dx'') + AOMxO(1 + x'"M^'") (198) 

BosBO^H paBBHCTBO (jl98p B KBaflpaT H nojibsyacb paBencTBaMii (|189p mojkho nojiy^HTb HHTepBaji b bh^c 
(P|) . TaKHM o6pa30M paBencTBO p98p npeflCTaBjiHCT co6oh KaK-6bi pesyjibTaT onepan,HH bshthh KBaflpaTHoro 
KopHH H3 4-HHTepBajia. 3to nojiHOCTbio corjiacyeTca c anajiorHnHbiM cooTHomeHHeM b pa6oTe [111 4)opMyjia 
(8)]. 

9. OSpaTHcia sa^ana pejiHTHBHCTCKoii KHHeMaTHKH 

B KjiaccH^iecKOM cjiynae nopaflOK peinenHH oSpaTHOit sa^ann KHHeMaTHKH 6biji TaKoii. HTo6bi naiiTH napa- 

Meipbl flBHJKeHHH HpOHSBOJIbHOH 5KeCTK0H CHCTeMbi s' flOCTaTOHHO 6bIJIO HO H3BeCTH0H Co6cTBeHHOH yrjIOBOH 

CKopocTH HaHTH yrjibi noBopoTa othochtcjibho HOCTynaTejibHO ;i;BHraioiLi;eHCH CHCTCMbi s KaK 4)yHKD;HH Bpe- 
MCHH. 3th yrjibi 3'Aj\a,v:)i MaTpHn;y co6cTBeHHoro BpaniCHHa. SaTCM, Ho;i,CTaBjiaH STy MaTpHn,y b ypaBHCHHe 

PJLR CoGCTBBHHOrO yCKOpCHHH, BblHHCJIHJIH yCKOpCHHC OTHOCHTCjibHO S, H flajICC pCHiaa COOTBCTCTByiOmee 

;i,H4)ypaBHeHHe, naxoflHjiH CKopocTb nanajia OTCHCTa. Tcm caMbiM bcc napaMCTpbi flBHJKCHHH 6bijiH noji- 
HOCTbK) OHpe/],ejieHbi. OaKT jkc cymecTBOBanHH co6cTBeHHOH npeiteccHH ToMaca KapflnnajibHO hsmchhct 
;i,aHHoe pemeHHC o6paTHOH sa^aHH KHHeMaTHKH. ^ejio b tom, hto coGcTBCHHaH yrjiOBaa CKopocTb (npn 

CJjHKCHpOBaHHOM BpamCHHH CHCTCMbi s' OTHOCHTCjibHO s) B pCJIHTHBHCTCKOM CJiyHaC SaBHCHT OT HapaMCTpa 

v(i) onpcflcjiaiomcro nepcHOCHOC flBHJKCHHC s. B cbhsh c sthm, naitTH MaTpHLi;y coGctbchhofo BpamcHHH 
6e3 ypaBHCHHii ^jih coScTBCHHoro ycKopenna HeBOSMoacHO. 

IIpjiMaji 3a;i,aHa KHHCMaTHKH peniacTCH cjicflyiomnM o6pa30M. CncTCMa OTCHCTa s' ;i,BHraioiii;aHCH nocTy- 
HaTCJibHO HMCCT coGcTBCHHOC ycKopcHHC H yrjiOBym CKopocTb paBHbie corjiacno (jlOp. (jlip. (|77p . (|78p 



""°^°°° 7T=?"" + W^<^*'"' '"'' 



^,^ ^ „"^ ^ ^^ ^' p^A^-^A',-,'- + ^'^_ (200) 

u^V 1 — v^ 

Xi],o6hO COBCpniHTb B 3THX ypaBHCHHHX HO^CTaHOBKy 

v-^ = a^'^v'^ (201) 

3Ta no/],CTaHOBKa hphbo^ht (|199p . (|200p k npocTOMy BCKTopnoMy BH;i,y. ^ciicTBHTejibHO, npoH3Bo;i^ HO/i,CTa- 
HOBKy B (|199p . ^H(]34)cpeHH,Hpya h yHHTbiBaa, hto CKajiapnoc npoH3BCfleHHC flByx BCKTOpoB npn HOBOpoTC 

HC H3MCHHCTCa, a TaKJKC, HTO V^ — v'"^ HOJiyHHM 



^7=^5 + ^Jf=^ + v'\l-v'') 



W'- = a-f^ ( 4:;^ + 4=^ + '-'"'-l' iVV)a'r^v''' ) (202) 
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PacKpbiB cko6kh yHTeM b nepBOM ^^ijiene nepBoe h3 paBencTB (|76p . a b ocTajibHbix ijienax paBencTBO 
(|7ip . B pesyjiBTaTe nojiy^HM 






W- = ^^^^=^ + -^— + ^'r' . (vVK° (203) 



B BCKTOpHOH 4)0pMe 3TO ypaBHCHHe BbirjiaflHT B BHfle 






W ^ ^=^ + ^^^1=, + -,y- (VvV (204) 



B ypaBHeHHH (|200l) nocjie noflCTanoBKH pOip paccMOTpHM nepBbiii hjich b npaBoii nacTH 6e3 flpoGnoro 
MHOJKHTejia. B pesyjiBTaie D;cnoHKH BbiHucjieHnii nojiyniiM 

a^'^e^^'^a^^w'^ (a'"'7J"' + a'"''?;"') = a'^^v'^ (e^^'^a^^a"'^!)"' + e'^^'^a^^a'^^w"') = 

= 'y'^(e"^''i>'" + e°'^''e'""'uj"v"') = e"^''i;'^(7J'" + e'"^'^a;"'w"') (205) 

CjieflOBaTejiBHO 



HJIH B BeKTOpHOii (JjOpMC 



^,a ^ i y^ ^ p"^'?,/\,-/'? + e^^^c^'^w") + w'" (206) 



n' =u;' + ^^L^v' X (v' + u;' X v') (207) 

Mbl BHflHM TaKHM o6pa30M, HTO B CJjOpMyjiaX flJlR C06cTBeHHbIX XapaKTepHCTHK HeHHepn,HajIbHOH CHCTeMbI 

OTCHBTa HCT MaTpHii;bi noBopoTa, TaK, hto hx bosmojkho sanHcaxb b BeKTopnoM BH;i,e. YpaBHeHHe (j207p 
HecjiojKHO peniHTb OTHOCiiTejibHO a;'. IIojiyHHM 



IIoflCTaBHM Tenepb (j208p b (j204p h nojiy^HM, hto 



„ (n'v')v' ^^ v' X v' (208) 

V V 



W = v' + — ^ (v'v')v' + fl' X v' (209) 

1 — v' 

yMHOJKaa 3T0 ypaBHeHHC na v' nojiyiHM OTCiofla, hto 

vv = (1 - t)'^)W'v' (210) 

HoflCTaBHB 3T0 ypaBHeHHC o6paTHO (j209p nojiyiHM OKOHHaTCJiBHO npocToe /i,H4)4)epeHH,HajH>Hoe ypaBnenne 
nepBoro nopaflKa 

v' = ^ = W - (W'v')v' -n'xV (211) 

3to ecTb BCKTopHoe ypaBHCHHC PHKKaTH. IIoflCTaBHM Tenepb b (|208p ypaBHenne (j21ip . Tor^a nojiy^iHM 



1 - \/l - v'"^ 
uj' = n'-- ^i4-^— v'xW, (212) 

,„/2 V J 



v 
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r;i,e w' y;ii,OBjieTBopaeT ([75)1 . 

TaKHM o6pa30M cxeMa pemenHH o6paTHOH sa^aHH KHHeMaTHKH Bijirjia:;i,HT b cjieflyiomeM BH/i,e. CnaHa- 
jia Heo6xo;i;HMO naiiTH pemcHHe HejiHHeiiHoro BeKTopnoro ^HcJscJDepeHi^HajibHoro ypaBnenHH (J211I) nepBoro 
nopHflKa. HoflCTaHOBKa 9Toro peinenHH b (j212p npiiBO/^HT k CHCTeMe /i;H4)ypaBHeHHH (j76p . t. e. k saflane 
HaxojKflCHHH 3 yrjiOB noBopoTa no nsBecTHOfi yrjiOBOii CKopocTH ui' . SnanHe sthx yrjiOB TeM caMbiM flaeT 
MaTpHn,y BpameHHa. HaKOHeu, noflCTanoBKa yjKe HSBecTHbix BejiHHHH b (j20ip onpe/i,ejiHeT napaMeip v(i). 
TeM caMbiM oSpaTHaa 3a;i,aHa pejiaTHBHCTCKoft KHHCMaTHKH pemena. K STOMy na^o eme ;i,o6aBHTb, hto ofl- 
HOBpeMCHHO 6biji Haftflen h nopaflOK peinenHH sa^aHH pejiHTHBHCTCKOit flHnaMHKH o flBHJKCHHH ^^lacTHi^bi no^ 
;i,eHCTBHeM coGctbchhoh chjim, HSMCHHiomeHCH no neKOTopoMy saxony f (t) = ?7iW'(t). 

10. KpHBOJiHHeiiHoe paBHoycKopeHHoe p^suyK/envie 

Onpe/i;ejieHHe 4-chjim nepes BejiHHHHBi, BbipajHceHHBie b coGcTBeHHoft CHCTeMe OTC^eTa 

PaBHoycKopeHHbiM ^BHJKeHHeM ecTecTBCHHO HastiBaTb ;i,BnjKeHHe cncTeMbi s' c nocTOHHHMM b ee cncTCMe 
KOopflHHaT co6cTBennbiM ycKopenneM. PejiHTHBHCTCKHit saKon xaKoro jxewxewa^ yflOBjieTBopaeT ypaBHCHHio 
pejiHTHBHCTCKOii MexaHHKH [251 c. 128, 4)opMyjia (19.2)-(19.4)] 

™- = F-, (213) 

rfle 

F'^ (f'^,fA = ( ^^ , , ^ V (214) 

a F - ecTb TpexMepnaH cnjia b CHCTeMe S. BosHHKacT Bonpoc o cbhsh flanHoii chjibi c chjioh f ^eitcTByronieH 
na ^acTnn,y b co6cTBeHHOH cncTeMe. Ha stot Bonpoc neTpyflno OTBeTHTb c noMonibio ypaBHennn piip . ()212p . 
TaK, HMnyjibc HacTHn,bi paBen OHeBn;],noMy cooTHomeHHio 

P- ^ a""^^= (215) 

VI - v^ 

ITocKOjibKy Mbi paccMaTpHBaeM TOHennyio HacTHn,y, nponsBCfleM saMeny V = v' b (|215p n npoflnejxjjepen- 
ii;HpyeM ero no BpeMenn jia6opaTopnoH cncTeMbi. nojiy^^inM 

F" = ' (4:£=\ . ..yrr^T^-^ (4:£=\ . ™ f .^%'^ + ^^-.^ + a^-ivv)f\ (216) 



^ajiee saMennM npoH3BO/;HyK) a' corjiacHO ypaBHCHHio (|75p n BbineceM MaTpHn,y noBopoTa aa cko6kh. 
IIojiyHHM 

F« = ma«" L^-^Puj'\'^ + v^+ ^'''^>'^ \ (217) 

/l^aHHoe ypaBHenne MOJKno nepenncaTb cjieflymniHM o6pa30M 

pa ^ a?«^'«^ (218) 



rfle 



HJIH B BCKTOpHOM BHflC 



F'« = m e^^^u:'\'' + v^ + ^" " ^" , (219) 



l-w'2 



._, , (vV)v' 
1 — w 



F' = TO ( u;' X v' + v' + \ y^ ) . (220) 
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Tenepb ocTajiocB tojibko noflCTasHTB b sto ypaBHeHne BMecTO v' h uj' hx SHai^eHHa corjiacHO ypaBneHHHM 

COOTBeTCTBeHHO piip H pi2l) . 3tO npHBOflHT K ypaBHCHHIO 



¥' = m\^l-v'^W + - ^\ "''' (VWOv'l =^l-v'H' + - ^\ "''" (VfOV, (221) 

\ v' j v' 

vj\e f ecTb 

f == mW. (222) 

H HBJIHeTCH C06cTBeHH0H CHJIOH B CHCTCMe s' . liOflfiT'A'RWR TenCpB 3TO BbipajKeHHe B (|214l) H yHHTblBaH (1218^ . 

a TaKJKe, hto Fv = F'v' nojiy^iHM, hto 4-CHjia Bbirjia^HT b BH/],e 



p. = (^o,^.A ^ v-f' ,..-7r^f^ + (l-7T^)(vT).M 

rfle 4)yHKii,Ha v' HBjiHeTCH peineHHCM (|21ip c W = f'/rra, a MaTpnija Bpamenna yflOBjiCTBopHCT cncTeMe 
ypaBHeHHH (|76p c a;' paBHOii (j212p . Ecjih ypaBHCHHe (|22ip yMHOJKHTb na MaipHi^y Bpameniia corjiacHO 
(|218p . TO CHHTaa, hto /" = a^"/'^, nojiyHHM 



l-VT^w 
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F = ^l-vH + ^, (vf ) V, (224) 

T.e. H3BecTHoe npaBHjio npeo6pa30BaHHH chjibi h3 conyTCTByromeii chctcmbi OTC^^iCTa b jia6opaTopHyK) ch- 
CTBMy [181 c. 325, saflana 4.42], hto no;i,TBep}K;i,aeT Bce panee BbinojiHeHHbie pacieTBi. Ecjih jkc xenepb 
nocTynHTb o6paTHi>iM o6pa30M h onpe/i,ejiHTb paBHoycKopcHHoe flBHJKeHHC b 5 xax flBHJKeHHC nofl fleiicTBH- 
eM CHjibi (|223p . TO pa3yMeeTCH npHflCM k o6paTHOH 3aflaHe KHHeMaTHKH (j21ip h (|212p . 

PaBHoycKopeHHaa CHCTCMa s', (b KOTopoit nocTOHHHa CHjia f ) CBHsaHnaH c ^lacTHi^efi HcnbiTbiBacT Bpa- 
meHHe BHrnepa othochtcjibho CHCTeMbi s, KOTopaa b cboio OHepe/],b HMecT co6cTBeHHyio npeLi,eccHio ToMaca, 
H ocH KOTopoii Bcerfla napajijiejiBHbi ocsm jia6opaTopHOH cncTeMbi S. 3to osHanacT, hto MaTpHi];a a^", hb- 
jiHiomaacH MaTpHiieii BHrnepa (jl75p a^" = 6^", 3aBHCHT ot BpeMCHH. B CHjiy STOit hphhhhbi h nocTOjiBKy, 
HOCKOjiBKy B Hpon,ecce flBHJKenHH nanpaBjieHHe CKopocTH, BOo6m,e roBopa, H3MeHHeTca othochtcjibho oceit 

H CHCTCMbl s', H CHCTeMbi S", TO nOCTOHHHaS B Co6cTBeHHOH CHCTCMC s' CHJia f HC 6yfleT nOCTOHHHOH B S H B 

S H Hao6opoT, HOCToaHHaa b b jia6opaTopHOH chctcmc S CHjia F Sy^CT H3MeHHTbCii b co6cTBeHHOH chctcmc 
s' . TaKHM o6pa30M, cjie^ycT pa3jiHHaTb 3aflaHy o paBHoycKopcHHOM ^bhjkchhh h 3aflaiy o flBHJKenHH 3apii- 

>KeHHOH iaCTHII,bI B OflHOpOflHOM SJICKTpHHeCKOM HOJIC B S. TojIbKO B TOM CJiyHaC, KOPfla flBHSKCHHe HaCTHII,bI 

HBjiaeTCH npaMOjiHHeitHbiM, peniCHHa o6eHx 3aflaH coBWAjxaioi. 

^BH>KeHHe HaCTHD;bI B OflHOpOflHOM HOJIC HHaHC Ha3bIBai0T rHnep6ojIHHeCKHM H OHO XOpOmO H3BeCTH0. 
Pa3J[HHHe MCJKfly paBHOyCKOpCHHblM H rHnep60JIHHeCKHM ^BHJKCHHCM BHflHO eni,e H HO TOMy, HTO flBHJKCHHC 
HOfl /^CHCTBHCM HOCTOaHHOH CHJIbI B CHCTCMC S OHpCflCJiaCTCH BCCrO /],ByMH HaiajIbHblMH HOCTOHHHblMH: 
CKOpOCTblO B HanpaBJICHHH CHJIbI H B HaHpaBJICHHH HepHCH^HKyjIHpHO CHJIC. PaBHOyCKOpCHHOC JKC flBHJKCHHC 

s' xapaKTcpH3yeTCH, xpoMC sthx nocTOHHHbix, eme h yrjiOM onpe/i,ejiHioiii,HM nanajibHyio opHCHTaH,Hio s' 

OTHOCHTCJIbHO 5*. 

Onpe^ejiGHHe paBHoycKopeHHoro ffaviyaenvm c noMomtio 6ycTa. 

O^eBHflHO, HTO o6iLi,ee Hpeo6pa30BaHHe b paBHoycKopcHHyio cncTCMy OTCHCTa c W = const jiBjiaeTCJi Hpco6- 
pa30BaHHeM JIMH, HeH3BecTHbi jinnib cro napaMCTpbi. 3th napaMCTpbi HanGojiee o6ni,ero Hpeo6pa30BaHHa b 
KpHBOjiHHCHHO flBHJKymyiocH paBHoycKopcHHyK) CHCTCMy OTCHCTa 6yfleM HCKaTb CHanajia hhcto KHHCMaTH- 

HCCKH, C HOMOmbKD 6yCTa H3 HCKOTOpOH HHepH,HajIbHOH CHCTCMbI, OTHOCHTCJIbHO KOTOpOH paBHOyCKOpCHHaH 

CHCTCMa OTCHCTa flBHiKCTCH HpiiMOjiHHCHHO, & HOTOM - c noMonibio pemcHHH o6iii;hx flH4)ypaBHCHHH piip H 

HTaK, ycjiOBHMCH, HTO HCKaH HHcpD;HajibHaH CHCTCMa OTCHCTa S* opHCHTHpoBana Tax, HTo6bi hphmojih- 
HBHHoe paBHoycKopcHHoe ^BHSKCHHe chctcmbi OTC^iCTa s' ocymecTBjiajiocb B^ojib ee och 1, a coBcpmacMbiH 
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6ycT npoHSBOflHTCH B njiocKOCTH oceft 1 h 3. Tor^a nepexofl b cncTeMy s' h3 S* , onncbiBaeTCH npeo6pa30Ba- 
HHCM JIMH c napaMeTpoM v* corjiacHO fJ", 4)opMyjia (13)] paBHbiM 

V* ^{th{Wt + k), 0,0), (225) 

rfle thk ecTb HanajibHaa CKopocTb nanajia OTCHCTa s' othochtcjibho S*. nepeitfleM Tenept h3 chctcmbi 
S* B HOByio HHepLi;HajibHyio CHCTCMy OTCHexa S opHCHTHpoBaHHyio TaKJKe KaK n S* n flBHraiomyioca co 
CKopocTBK) u = (uijOjMs) OTHOCHTejiBHO 5*. IIpH TaKOM 6ycTe y CHCTeMbi s' B HOBOH CHCTeMC OTCHexa no- 

HBJiaeTCH HanajIBHaH KOMnOHCHTa CKOpOCTH BflOJIb OCH 3. TaKHM o6pa30M flBHJKeHHe CHCTCMBI s' B CHCTeMe 

OTcneTa S, KOTopyio mo>kho npiiHHTB 3a jia6opaTopHyK) CHCTCMy, 6yfleT HaH6ojiee o6mHM paBHoycKopen- 
HbiM flBHJKeHHCM. npeo6pa30BaHHe B paBHoycKopcHHyro CHCTCMy OTCHCTa HMecT CTaHflapTHbiii bh^ o6LLi,ero 
npeo6pa30BaHHH JIMH, vflfi HOBaa CKopocTb s othochtcjibho S 6y;i,eT paBHa corjiacHO (J^opMyjie p47l) 



__ VI - uHh{Wt + k)-ui (1 - Vl-u^) u\th(Wt + k) 
'"^ ~ l-uxth{Wt + k) ^ u^{l-uith{Wt + k)) ^ ' 

t;2 = (227) 



^3 {l-^l^^)u^u^th{Wt + k) 

'"^ l-uith{Wt + k) u^{l-uith{Wt + k)) ' ^ ' 

BbipajKCHHaa b CHCieMe KOop^HHaT s' sia CKopocTB Gypfii paBHa corjiacHO (I149P 

, _ vl - ui ^ th{Wt + k)-ui 
^ l-u^vl l-th{Wt + k)m ^ ' 

v'^ = Q (230) 

Vl-t;*2u3 ^ U3 

^ l-uii;* c/i(H/i + fc) -uis/i(VFi + A:) ^ ' 

IIpH 3TOM B o6iLi;eM npeo6pa30BaHHH JIMH BpamcHHe CHCTeMBi s' othochtcjibho s onHCbiBaeTca ypaBHCHHaMii 

ri = r'l cos (/) + 7-3 sin 0, r2 = r'2 , r^ — —r\ sin </> + r3 cos 0, (232) 

r/i,e co6cTBCHHbiH yroji noBopoTa BnrHepa 0, KOTopbiii ocyn;ecTBjiaeTCH b hjiockocth oceit 1 h 3 b nanpaB- 
jiCHHH 3 — > 1 corjiacHO (JjopMyjiaM (|179p . (|18ip . (|182p y;i,OBjieTBopHeT cooTHomeHHHM 



. , u^sh{Wi + k)- '-^^;^u, {chjWt + fc) - 1) 

sin0= , — (233 

ch{Wt + k)- uish{Wt + fc) + VI - M^ 

Vr^T^ + i^VTEZusA ^^^.^ ^f^^ u^sh(Wt + fc) + 1 - i^4^^u? 

cos = ^ ^ ; (234) 

ch{Wt + k) ^ uish{Wt + k) + y/]^^ 

t„t = u,sh{Wt + k;) 

2 (1 + VI - u^) (c/i [Wt + fc) + 1) - uis/i (W^t + fc) 

Snaa napaMCTpbi o6iLi;ero npeo6pa30BaHHa JIMH v(t) h (psit), tcm caMbiM paBHoycKopenHoe flBHJKeHHC 
nojiHOCTBK) 3a/],aHO. /],aHHbie 4)yHKi];HH bpcmchh t onpeflCjiaiOTCa b otjih^^ihc ot flHHaMHHecKoro pemenHa ne 
2, a 3 napaMCTpaMH fc, ui, U3. Ho^CTaBjiaa t = b ypaBHenna (|226p . (j228p nojiynnM 

VT^^t/tfc-ui (i-vr^^)^ft/ifc 
"^ (°^ = i^.it/.fc + .^(i-ni^fefc) (2^^) 
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HaHajibHMii yroji spameHHa BHrnepa BOKpyr och 2 h3 (|235p paeeH 

0) = 2 arctg , -^ (238 

^' (1 + VI - u2) (c/i fc + 1) - uish k ^ ' 

Cmmcji nocTOHHHbix A;, ui, M3 b jia6opaTopHOH cncTeMe OTCHexa onpeflejiaeTca h3 CHCTeMbi Tpex neaaBHCH- 
Mbix ypaBHeHHH (|236p - (|238p . TaKHM oSpasoM BMecTO fc, ui, W3 mo>kho nojibsOBaTbca ;i,ByMH npoHSBOjibHbiMH 

nOCTOaHHblMH HaiajIbHblMH CKOpOCTHMH Ul(0) H W3 (0) B HanpaBJieHHH OCeii 1 H 3 H HanajItHblM C06cTBeHHbIM 

noBopoTOM BHrnepa (/'(O). 3tot yroji onpeflejiaeT Ha^ajibHyio opneHTai^Hio chctcmbi s' othochtcjibho S h 
ero 6e3 noTcpH o6ili;hocth mojkho nojiojKHTb paBHbiM nyjiio. 3tot Bbi6op cooTBCTCTByeT SHaneHHio fc = 0. 
Torfla (I226p . (|228l) 6yflyT onpeflejiaTbCH 2 napaMeipaMH ui = — t;i(0), U3 = — 1'3(0) h 6y/],yT cooTBeTCTseHHO 
paBHbi 

"''" l + fi(0)t/iW^t ^ v-^{Q){l + vi{Q)thWt) ^'^^^' 

^,3(0) (l-Vl-^''(0))i'i(0)i^3(0)iftm 

^^ ^ l + vi{0)thWt ^ v^{0){l + vi{0)thWt) *■ '' 

JiasRoe npeo6pa30BaHHe JIMH b paBHoycKopeHHyio CHCTeMy OTcneTa sa^aBaeMoe ero napaMeipaMH v(t) 
(|226p - (|228p H yrjiOM BHrnepa (j233p - (|235p 6y^eT cjiyjKHTb o6pa3Li,OM pjia cpaBHenHH pemenHH nojiyneHHoro 
c noMonibK) oGpaTHOii aaflann KHneMaTHKH. 

BaaHMHaa KOMneHcaLi,HH BpameHHH BnrHepa h npei^eccHH ToMaca flJiH pasHoycKopeHHoro /i,bh- 
:»ceHHH 

IIocKOJibKy paBHoycKopeHHoe flBHJKenHe ne o6jia;i,aeT co6cTBeHHbiM BpamenHeivi, to Bpamenne BHrnepa h 
npeiieccHH ToMaca ppjoKisA KOMnencHpoBaTb flpyr flpyra. IIoKajKeM sto hphmhm pac^eTOM. 

YrjiOByK) CKopocTb BpameHHH BHrnepa mojkho HOjiyiHTb flH4)4)epeHH,Hpya ypaBHenne (j233p . nojiyiHM 



Wu:i 
Lu COS 6 = 



(\/l~^ + ^-"(y^ uj) ch{Wt + fc) - uish{Wt + fc) + 1 - 



l-Vl-u'^ „,2 



[ch{Wt + fc) - uish{Wt + fc) + VI - u2J 
IIo^ejiHB 3TO BbipajKeHHC na (j234p nojiynHM 

WU3 



ch{Wt + fc) - uish{Wt + fc) + VT 



u 



2 



(241) 



(242) 



BbinHCjiHM cefinac yrjiOBym CKopocTb Hpen,eccHH ToMaca. IlepBHH MHOJKHTejib b ee onpeflejienHH 6yfleT 
paBCH 

1 - VI - w^ _ 1 {ch{Wt + k) - uish{Wt + k)f 



v^Vl-v^ Vl - u^ ch{Wt + fc) - uish{Wt + fc) + Vr~~ 
^H4)4)epeHi;HpyH napaMeip CKopocTH nojiynHM 



(243) 



., = ^VIEZ Jl-C-^)"- ,244) 

(c/i(Tyi + fc)-'«is/i(W^t + fc))^ V u^ J 

1)2 = (245) 
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{ch{Wt + fc) - uish{Wt + k)) 
BTopoii MHOJKHTCjib sBjiHCTca BCKTopHbiM npoHSBefleHHCM H paBCH yHHTBiBEH (|244p . (|246p . (|226p H p28p 



^'3 = 3 . ..„.. . .. . .„.. , ,^^2 (246) 



(v X v)„ = wawi — V1V3 = ^ (247) 

' ich{Wt + k) ~ uish{Wt + k)f 

CjieflOBaTejiBHO nepeMHOJKaa (j243f) h (j247p nojiyHHM, hto npeii;eccHa ToMaca paBHa 

nr = ^^ ^= (248) 

ch{Wt + fc) - uish{Wt + fc) + %/l - u2 

CpaBHHBaa cjaopMyjibi (I242p h (I248P bh;i,ho, ^ito b cyMMe coGcTBeHHaa npeLi,eccHH ToMaca h co6cTBeHHoe 
BpamcHHC BnrHcpa chctcmbi s fiatoi nyjii. KaK 3to h flOJiHCHO 6biTb. B tom jkc cjiynae, ecjiH CHCTeMa s o6jia- 
^aeT coGcTBeHHoii yrjiOBOii CKopocTBio, npeD;eccHa ToMaca h BpamcHHC BnrHepa flpyr /ipyra, pasyMeeica, 
He KOMneHCHpyroT. 

Onpe/i;ejieHHe pasHoycKopeHHoro ffBuyKenviii c noMombro pemeHHH oGpaTHoft 3a/i;aHH KHHeivra- 

THKH 

PaccMOTpHM Tenepb npHMencHHe BBiineHSjiojKeHHoii cxeMbi penieHHH o6paTHOH saflanii k KpHBOjiHHeiiHOMy 

paBHOyCKOpCHHOMy flBHJKeHHK). ypaBHCHHe pup fljia OCH 1 eCTb 

v'i=W{l-v'l) (249) 

HHTerpHpya sto ypaBHCHHC nojiynnM 

z;'i(i) = th{Wt + K), (250) 

rfle 

t/iK = i;'i(0) (251) 

npoeii,HpyH ypaBHenne (|211l) na ocb 3 nepneHflHKyjiHpnyio ycKopcHHio nojiy^HM c ynexoM (j250p . hto 

w'3 + Vl^ i/i (M^t + k) v's = 0, (252) 

OTCio^a 

2 _ v'l{0)ch^K + sh\Wt + K) 

ch^Wt + K) ^^ > 



. Jl-v'\0)chn 

V 1 - v' = ^ — 

ch {Wt + k) 

IIoflCTaBjiHa 3TH 3HaHeHHH B BbipajKCHiie (|212p fljia BpameHHH BnrHepa nojiynuM ($7' — 0) 



(255) 



■ , 1 - y/l ~ v'^ , „, WchK v'sjO) ,_„, 

"' ch {Wt + k) + ^J 1 - v'liO) ch^K 

HnTerpupya 3to BbipajKeHHe nojiy^HM, CHwiasi, hto HaHajibHbiii yroji Biirnepa paBen nyjiro 

^ = ^"'^ctg / 2arctg \ . (257) 
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CpaBHeHHe ffayx onpe/i;ejieHHH pasHoycKopeHHoro flSHJKeHHH 

CpaBHHM Tenepfa pemenHH (j250p . (|253p c yjKe HSBecTHbiMH cooTBeTCTBenHO (j229p . (I23ip ne npeflnojiaraa 
sapanee, hto CHCTeMa s' opHeHTHpoBana TaKJKe KaK h 5, T.e. ne CHwiasi, hto HaHajibHtift yroji noBopoTa 
BnrHepa paBCH nyjiio. HeTpyflHO sameiwib, hto flajKe b TaKOM oGmeM cjiynae sth peincHHa coBnaflaiOT (Kax 
3TO H flOjiJKHO 6ijiTb) npH cjieflyiOLn,eM Bbi6ope nocToaHHbix 

K = k — arth ui (258) 

^'3(0) = - ,. "' ,. (259) 

MojKHO TaKJKe y6eflHTbCH b TOJKflecTBeHHOCTH (|256p H (|242l) npH ycjiOBHHx (|258p . (|259p . Cjie;i,OBaTejibHO h 
HHTerpHpoBaHHe (j256p npHBOfliiT c tohhoctbk) pp nocToaHHOii (j238p onpeflejiammefi HaiajibHyK) opHeHTaii,Hio 
CHCTCMbi s' OTHOCHTejibHO s K BHrHcpoBCKOMy yrjiy aBjiHmmeMyca pemeHneM (j233p - (|235l) . TaKHM o6pa30M 
;i,Ba KHHCMaTHT^iecKHx peincHHa onpeflejiaromnx paBHoycKopeHHoe ^BHJKenHe nojiHOCTbro coBnaflaroT. 

11. BMpa:a<:eHHe nojiynenHbix cJjopMyji nepes napaMeTp v' 

HattfleHHbie c noMomtro ypaBHCHHii (|21ip . (|212l) napaMCTpBi o6iii,ero npeo6pa30BaHHH JIMH v' h Maipima 
BpameHHH a°'^ o;i,H03HaT^iHO onpe/i,ejiHiOT sto npeo6pa30BaHHe. BosHHKaeT ecTecTBeHnaa 3aflaHa o npHMene- 
HHH HMCHHO 3THX nepeMeHHbix BMCCTO V KO BCCM paHCC BbiBefleHHbiM cjjopMyjiaM. XlI,o6cTBO flaHHOii 3aMeHIjI 
cocTOHT B TOM, HTO fl^jisi napaMCTpa v', KaK 6bijio noKa3aHO b pa3flejie 9, cymecTByeT npocToe no 4)opMe 
,HH4)ypaBHeHHe (j21ip . HpocTOTa ypaBHCHHii (|21ip . (I212p ^jih napaivieTpoB HeHHepLi,HajibHOH cncTeMbi OTCHCTa 
s' fiaeT noBOfl flyMaTb, hto 3anHCb npeo6pa30BaHHa JIMH Hcpe3 napaMexp v' HMenHO b 4)opMe (j260p . (j26ip 
6y/];eT 6ojiee ynoTpeGnTejiBHa b TeopHH. C yneTOM (|20ip o6LLi,ec npco6pa30BaHHe JIMH mojkho sanncaTb b 
BHfle 

v'^r'^ f dt 



^ = , 2 + / / 2 (260) 







t 



,0^ - .f^o.] jfi ^\^^f^E^,finn\ . fa^-v'^dt 



i?" = a^" r- + ^ y ^ v'^v' V" + / Z_^ (261) 







BbiHHCjiHa flH4)4)epeHLi;Hajiiji ot (j260p . (j26ip nojiyiHM 



1 + W'r' + (v' X rj') r' 1 ^^ ^ v'dr' 

di?" =a''"(5i?'^, (263) 



rfT= r-"- -^\-"^- dt+-^^, (262) 



rfle 






1-x/r 



D' 



/2 



w'Vi-w'^ 



■(v'dr')v', (264) 



Hpeo6pa30BaHHe o6paTHoe k (I262l) - (|264p 6yfleT 



dT - v'dR' , , 

di = ^ (265) 

(1 + W'r') VI -w'^ 
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n / To ^ ' 



w'Vl-w'^ (1 + W'r')Vl-f'^ 

v' f2' X r' 



dT , (266) 



V Vl-t^'^ Vl-w'^(l+ W'r'), 
rfle 

^i?'" = a°"'dR''. (267) 

HanHincM Tenept 4)opMyjiBi npeo6pa30BaHHa SHeprnn h HMnyjibca HacTHLi,bi, T.e. 4)opMyjibi. no KOToptiM 
MOJKHO onpeflejiHTb flanHyio BejiHHHny b jiaGopaTopnoii cncTeMe, snaa ee jKe b co6cTBeHHOH CHCTCMe ot- 
CHCTa. 3th (|)opMyjiM naxoflHTCH nenocpeflCTBeHHO h3 o6iLi;ero npeo6pa30BaHHa JIMH, b KOTopoM yfloSno 
npeflBapHTejiBHO saMenHTb napaMeip v na v'. 

Hcnojibaya ypaBHenHH (|262p - (|267p h npaBHjio BbiHHCjienHa ^^lacTHbix npoHSBOflHbix npn saMcne nepe- 
MeHHbix, MOJKHO HaHTH KaK 6yflyT npeoGpasoBbiBaTbCH npH oGmeivi npeo6pa30BaHHH JIMH npoHSBOflHbie 
fleficTBHH no KOopflnnaTaM n BpeMenn, T.e. cooTBeTCTBenHO HMnyjibc n aneprna. B peayjibTaie nojiynnM, 
nTO, ecjiH B CHCTeMe 5* HacTHn,a HMejia HMnyjibc P n sneprHio _E, a b cncTeMe s' - cooTBeTCTBenno HMnyjibc 
p' H sneprnio e', to 3th Bejinnnnbi CBaaanbi cjieflyion;HMH cooTHOniennaMH 

e' / V O' X r' \ , , , 

E = , + , + , p', (268) 

(l+W'r')Vl-t''^ Vvl-f'^ Vl-t''^(l + W'r')/ 



pa ^ ^t^ap'f^^ (269) 



rfle 



v'e' , l-\/l-v'^ , , „ , ((f^'xr')p')v' , , 

P' = : . . ^ + P'+ ^ , ^ (vV)v' + ^^ ^V ^ , (270) 



(l+W'r')v/l-w'^ t;'Vl -V^ (l + W'r')Vr 



v'^' 



1 + W'r' + W X »0r' U _ (1 + W'r>-P- _ 1 - y/T^T^ ^^,^^, ^ ^,^^ ^,p,_ 

- (n' X r')P', (271) 



-'^ '-- ^-^^^^(v'P')v', (272) 



Vi-w'^ w'Vi-f'^ 



rfle 



P'"=a"^F'', (273) 

OHeBHflHO, nTO, ecjiH cncTCMa s' HBjiaeTCH Hnepn,HajibHOH (W = 0, Jl' = ), to (JjopMyjibi (|268p - (|272p ne- 
pexoflST B 4)opMyjibi CTan^apTnoro npeo6pa30BaHHa HMnyjibca-sneprnn. y6eflHTbca b nenpoTHBOpennBOCTH 
flannbix cooTHOinennfi mojkho h flpyrnM cnoco6oM: noflCTaBjiHS b (j268p . (j270p 3HaHenHH sneprnn paBHOfi 
Macce HacTHn,bi e' = tti h HMnyjibca p' = noKOHnieiicH b na^iajie cncTeMbi s' (r' = 0, p' = 0, dv' = 0) 
HacTHu,bi. B 3T0M cjiynae b cncTCMe S sneprna h HMnyjibc 'iacTHn,bi 6y;];yT coBna^aTb c o6iLi;enpHnHTbiMH 
3HaHenHHMH. 

OTCiofla MO>KHO nanTH 4)opMyjiy ^jia npeoGpasoBanna CKopocTefi. Ona HMeeT cjieflyiom,HH bh^ 

jja ^ a^o^u'P (274) 

rfle 



, _ ^/l-v'^■a.' + ^~\^ {m!V)V + v' + (W'r')v' + ^Jl-v'^n' x r' - ^'^T^ [r'(0' x v')] v' 

^ l + v'u' + r'W'-r'(r2' x v') 

(275) 
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PaccMOTpHM Tenepb flBHJKeHne ToneK npocTpancTBa CHCTCMbi OTcneTa s' nenocpeflCTBeHHO npHjieraiomax k 
Hanajiy CHCTeMbi KOopflHHaT OTHOCHTejibHO jia6opaTopHOH CHCTeMbi S. Ecjih u' = 0, to U' 6y^eT paBHO 



U' = 



(W'r')v' + Vl-v'^n' X r' - ^'V^ [^'(^' ^ ^0] V 



l + r'W -r'ifl' X v') 
06paTHoe npeo6pa30BaHHe CKopocTH k (|276p ecTb 

^TT' -u l^v^lEZ(v' U')v' - v' 



u'^(l+WV)^^iIZ!^ 



1 - v'U' 



rj' xr' 



(276) 



(277) 



^jia Majibix r' nojiy^iHM 

U' - v' + Vl^^n' X r' - ^^-^''i^-^ l^^ u^> X r')v'] v' (278) 

v' 

06o6ineHHe ypaBHCHna p2p na cjiyiafi nponsBOjiBHoro Bpameniia CHCTeMbi OTcneTa s' ^acT ypaBHCHHC 



v" = V" 



VT^T^ 



(279) 



yMHOJKaa 3T0 ypaBHeHHe na a'^" nojiy^HM 



VT^^v^ 



vT^ys 



(V'r')a''"(e«''^w"'a«"y" +_a«H^ _ ,, _ (Vr')(e^''^a;"'T^'= + V'^) 



HJIH B BeKTOpHOM EHflC 



^,^^,_(VV)(V'+u;'xV') 



(280) 



(281) 



a/i - y^ 

rfle V^'^ = a^^^V". 3aMeTHM, hto ecjiH ynecTb, hto npeHe6peraa nepBbiMH CTenenaMH no r' BbinojiHaeTca 
ypaBHeHHe 

(282) 



Vl - V^'^ ^^ 

TO H3 (j21ip . (j212p cjie^yHDT ^H4)4)epeHH,HajibHbie ypaBHenna fljia pemenHH oGpaTHoit saflann KHneMaTHKH 
;i,jiH cjiynaa:, Kor^a coGcTBeHHbie ycKopenne W h yrjiOBaa CKopocTb H' aa^anbi Kax 4)yHKH,HH jiaGopaTopnoro 
BpeMeHH T 






Vi - v^ [W - (w'v')v' -n' X v 






IIo^CTaBHB Torfla b p8ip sth BbipajKCHHs nojiyHHM, hto 
v' = V - (V'r') 



W - V'(V' W) + - — ^^5v' X (V X W) + ^ .^^ ^ ^ O.' X V 



Ecjih Tenepb noflCTaBHTb sto BbipajKenne b (|278p , to nojiyiHM OKOH^iaTejibno 



(283) 

(284) 

(285) 



U' = V - (V'r') 



i^^^ - 1 v'(v'w') - i4^2!w' + 1-^2!^' X V 
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+ ^/l^V^n' X r' - ^^ ^'"^^2^^ ^''^ m' X r')V'] V (286) 

BbipasHM Tenepb o6paTHoe npeoGpasoBaHHC JIMH nepes nepeMeHHyro V. OopMa ypaeHenHH fljiH Bpe- 
MeHHOit KOopflHHaTbi t (|55p npH 3tom b CHjiy ee CKajiapnocTH ne H3MeHHTCH. HosTOMy b npaBoii ^acTH (|55p 
;i,ocTaTOHHO Be3fle nocTaBHTb niTpHXH h saMCHHTb V' Ha (|283p . B peayjibTaTC nojiyiHM 

t- rVY^V^dT L'V I (L'VO(L'WO (L'V)(L'(0' x V')]) 

rfle 

L'" ^a'^nn^-f V^dT I , F'" = a"^F'5 (288) 

3^eCb L' H V eCTB COOTBCTCTBeHHO flJIHHa H CKOpOCTB B HOBOH CHCTeMe KOOp;i,HHaT jia6opaTopHOH HHep- 

i];HajibHOH CHCTCMBi OTCHCTa 5:(T,R). /],aHHaH cncTCMa KOop/;HHaT b KajK^biii momcht jia6opaTopHoro Bpe- 
MeHH MFHOBeHHO coBnaflaBT c CHCTeMoii KOopflHHaT R'" BpamaKDmeiicH chctcmijI OTCHeia corjiacHO ycjiOBHio 

ypaBHeHHH fljiH KOop/;HHaTbi r' mojkho nojiyHHTb h3 (j56p aHajiorH^^iHO ypaBneHHHM (I204p . (|207p . (I28ip . 
/Jjia SToro Heo6xoflHMO nafl bcbmh CHMBOjiaMH nocTaBHTB niTpHXH h npoHSBecTH Be3/i,e aaMeny 

V'^V'+w'xV. (289) 

Ilocjie SToro HyjKHO noflCTaBHTb bmccto V' h lo' hx SHaneHiiH corjiacHO cooTBeTCTBenHO (I283p . (I284p . B 
pesyjibTaie nojiyHHM 

-'-T'i ^ ^ ,(L'V')V' + A / ^ 3 ^(L'V')(L'W')V'+ 



v'^Vi-v'^ v'Wi-v'^^ 
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+ A ^^ ^(L'V')^(W'V')V' + iL^^J_i (LV')^ (O' X V) - 

2F'^(1-F'2) 2V'^{l-V'^) 

(1 - \/l - V^) (1 - Vl-V'^) (l - 2\/l~V'^) 

- ^ i (W) [V{n' X V')] V !^ 2 ^(LV')W' (290) 

F'Vl-^'' 2T/'2(l-l/'2) 

^jiH ri' = J7t flaHHoe o6Ln,ee o6paTHoe npeoGpaaoBanHe JIMH p87p . p90p nepeiifleT b o6paTHoe cnei];HajibHoe 
npeo6pa30BaHHe (|55p , (|56|) . AnajiorHnHO cneii;HajibHOMy, o6iii;ee o6paTHoe npeo6pa30BaHHe JIMH p87p , (|290p 
B03M0JKH0 npHroflHO TaKJKe h ^jih peajiBHbix chctcm OTCHCTa c MaKCHMajiBHOii jkcctkoctbio. 

HtOFH H BblBOflbl 

OcHOBHbie peayjibTaTbi flaHHoit CTaibH cjie;i,yK)iii;He. 

B pasflejie 1 flanHOii CTaTbH Sbijio naftfleHO npeoSpasoBaHne CKopocTH MaTepHajibHoii tohkh (jlip. p2p h3 
jia6opaTopHOH HHepi^HajibHoii CHCTCMbi OTCHCTa S* b ^BHJKymymcH nocTynaTejibHO CHCTCMy s, coScTBenHoe 
BpameHHe KOTopoit paBHO nacTOTe npen,eccHH ToMaca. Bbiji noKasan TaKJKe 4)H3HHecKHH cmmcji napaMCTpa 
V (i) npeo6pa30BaHHH JIMH (HJ, ([2]). SaMe^aTejibno, hto oh OKaaajica npocT. Co CKopocTbio v (i) othoch- 
TejibHO jia6opaTopHOH CHCTeMbi OTcneTa S ;i,BHiKyTCH tohkh CHCTeMbi KOopflnnaT HeBpaiLi;aiOHi,eHca (il — 0) 
CHCTeMbi OTCHCTa fc, y KOTopoii nanajio h och KOopflHnaT conyTCTByiOT b KajKflbiii mombht co6cTBeHHoro 
BpeMCHH H coBna^aiOT c na^ajiOM ii ocsmh KOopflnnaT CHCTeMbi s. TaKJKe c ee noMOLn,bio v(i) BbiHHCjiaeTCH 
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CKopocTb (j20l) . (|2ip ToneK caMoit CHCTeMbi s. Tohkh jKCCTKOfl: HeHHepn,Hajii>HOH CHCTeMbi OTHOCHTejibHO S 
;i,BHraiOTCH neoflHopoflHO. 

B pasflejie 2 npe/i,jiaraeTCH o6paTHoe cneri,HajibHoe npeoSpaaoBaHHC JIMH (c to^hoctbhd flo Ksa/ipa- 
TOB coGcTBeHHtix paccTOHHHH BKjiiOHHTejiBHo) H3 jia6opaTopHOH HHepi],HajibHOH CHCTCMbi S B /^BHJKymyioca: 
CHCTeMy OTCHSTa s b ppyx cJjopMax (|38p . (j40p hjih (I47p . (j56p . Bo3mo>kho, hto 3to npeo6pa30BaHHe 6yfleT hc- 
nojibsOBaTbca ^jia pac^eTOB flpyrHx seJjcJjeKTOB CTO bosmojkhbix npii jkbctkom HeHHepn,Hajii>HOM /i,BH>KeHHH. 
^aHHoe npeo6pa30BaHHe npiiMcnHMO b cjiy^ae, Kor;i,a pasMepbi H;i,eajibHO TBepfloii chctcmbi OTcneTa s orpa- 
HHHeHbi (j34l) H ee flBHJKenHe npeflnojiaraeTCH /i,0CTaT0HH0 njiaBHbiM, Ses pbibkob. Oho HMeeT cymecTseHHO 
HejiHHeHHbiH BHfl, 3aBHcaLn,HH OT ycKopcHHa Ha^iajia OTcneTa. UpaMbiMH h hbhbimh ochobhbimh cjieflCTBHH- 
MH yKasaHHoro npeo6pa30BaHHa hbjisiotch a) paccHHxpoHH3aii,HH (b ypaBHCHHax (I53p . (|55p ona noKasana 
B 4)HrypHbix CKo6Kax) b CHCTCMe s KOopflHHaTHbix HacoB STOii CHCTeMbi OTcneTa npeflBapHTCJibHO CHHxpo- 
HH3HpoBaHHbix B jia6opaTopHOH CHCTeMe S" H 6) HejiHHeftHoe coKpamcHHe Jlopeniia b S jiHHeftKH CHCTeMbi s 

(|40P , (I54P . Bo BTOpOM nOpH^Ke no CoScTBenHblM KOOpflHnaTaM STH ScJxJjeKTbl 3aBHCHT TOJIbKO OT CKOpOCTH H 

ycKopeHHH, HO He OT 3aK0Ha flBHJKCHHH CHCTCMbi OTCHCTa s. HcTpy^HO 3aMeTHTb, HTO B cjiynac coGcTBCHHoro 
ycKopeHHH paBHoro Hyjiio o6paTHoe Hpeo6pa30BaHHe JIMH nepexo^HT b o6biHHOC npco6pa30BaHHC JIopcH- 
D,a. Koop;i,HHaTHOC BpcMs B CHCTCMC OTCHCTa s (|53p . (j55p BCjie^CTBHC OTHOCHTCjibHOCTH BpcMCHH pa3yMe- 

CTCH OTJIHHaCTCH OT CoGCTBCHHOrO BpCMCHH HaHajia OTCHCTa. ypaBHCHHH (j40p . (J54P HpOTHBOpenaT 06bIHH0 

npHHHTOMy jiopcHn,eBy coKpaHi,eHHK), ho xoponio corjiacyiOTCH c |4]. HejiHHeitHOCTb coKpamcHHH JIopcHH,a 

03HaHaeT, hto HpOH3BOJIbHO flBH>KyHI,yiOCH CHCTCMy OTCHCTa S C TOHKH 3peHHH Jia6opaTOpHOrO Ha6jIK)flaTejIH 

BOo6m,e roBopa: Hejib3a: MOflCjinpoBaTb HOCJiCflOBaTCJibHOCTbio MrnoBCHHO coHyTCTByiomHx HHepn^najibHbix 
CHCTCM OTCHCTa. TaKOC MOflCjinpoBaHHC chctcmm OTCHCTa s bosmojkho jinnib ^jih Ha6jiK)flaTejiH chctcmm 

S. KanCCTBCHHO HCJIHHCiiHOCTb COKpamCHHH JIopeHH,a BHOJIHC oStHCHHIvia TCM, HTO TOHKH JKCCTKOH CHCTC- 
Mbi OTCHCTa flBHraiOTCH HCOflHHaKOBO. 06jiacTb ocH KOopflHHaT CHCTCMbi s, npHjieraromaa k ce HcpcflHCMy 

KOHIi;y, flBHJKCTCH HpH HpaMOJIHHCHHOM pa3rOHe S C MCHbHICH CKOpOCTbK), HCM CKOpOCTb V HaHajia OTCHCTa. 

BcjicflCTBHC 3T0H HpHHHHbi o6jiacTb OCH KOop;i,HHaT b6jih3h ee HcpcflHcit TOHKH OTHOCHTCjibHO jia6opaTop- 
HOH CHCTCMbi OTCHCTa S coKpamacTCH MCHbHic HCM o6jiacTb OKOJio nanajia OTcncTa. TaKHM o6pa30M, oSmaa 
fljiHHa ycKopcHHoro CTcpacHH, HaxoflHmerocH b Hpon,ecce pasrona b^ojib CBoero HanpaBjieHHa flOJiJKna 6biTb 
HCCKOjibKO 6ojibme hcm fljinna TaKoro jkc, ho HHcpH,HajibHoro ctcpjkhh, bcc tohkh KOToporo flBHraiOTca b 

;];aHHbIH MOMCHT BpCMCHH C OflHHaKOBOH CKOpOCTbK) V ^4]. 

KpOMC 3THX acJxJjCKTOB BblHHCJICHbl TaKJKC HCOflHOpOflHOCTb flBHSCeHHH TOHCK CHCTCMbi KOOpflHHaT S (J58P , 
(|59P H ScJxJjCKT HCOflHOpOflHOCTH XOfla 4)H3HHeCKOrO BpCMCHH (|6ip , (|62p B CHCTCMC S C TOHKH 3peHHH Jia6opa- 
TOpHOH CHCTCMbi S. /],aHHbIC 34)4)eKTbI HpH yCJIOBHH p4p B HCpBOM HOpHflKC HO KOOpflHHaTaM 3aBHCHT TaKJKC 
TOJIbKO OT CKOpOCTH H yCKOpCHHH. HapaMCTp V (t) BXOflHmHH B HpCoGpaSOBaHHC JIMH CBHSan CO CKOpOCTbK) 

V nanajia OTCHCTa npH6jiH}KeHH0H o6meH (JsopMyjioii (j32p c TOHHOCTbio flo HcpBoii ctchchh ho co6cTBeHHOH 

KOOpflHHaTC r EKJIIOHHTCJIbHO. JICFKO HpOBCpHTb, HTO flJIH HpHMOJIHHCHHOrO yCKOpCHHOrO flBHJKCHHH flaHHaS 

o6in,aa: 4)opMyjia nepexoflHT b HSBCCTHyio h3 [3], |4]. 

B pa3flcjie 2 TaKJKC 6bijio Bbif^Bwayio b HCKOTopofi ctchchh o6ocHOBaHHoe npcflHOjiojKCHHC, hto o6paT- 
Hoe Hpeo6pa30BaHHe JIMH h 4)opMyjibi p2l) . (|48p . (|57p . (j58p HpnroflHbi jinsi peajibHbix chctcm OTCHCTa c 

MaKCHMajIbHO B03M0>KH0H B CTO aCCCTKOCTblO. Hofl TaKOii CHCTCMOH HOHHMaeTCH CHCTCMa OCH KOOpflHHaT, 
KOTOpOH H3rOTOBJICHbI H3 MaTCpHajia C MaKCHMajIbHO B03MOJKHOH B CTO CKOpOCTbK) 3ByKa H HaHajIO KOTOpOH 
flBHraCTCH 3aflaHHbIM o6pa30M, a OCTajIbHbIC tohkh HBJIHIOTCH CB060^HbIMH. 

B pa3flejic 3 HOKa3aHO, hto MaTpHH,a BpamcHHH a"^ hmcct cmbicji co6ctbchhoh MaTpHii,bi (t.c. jkcctkoc 

BpamCHHC s' HpOHCXOflHT OTHOCHTCjibHO S, a HC OTHOCHTCjibHO Jia6opaTOpHOH CHCTCMbi S) . Ona y^OBJICTBO- 

pHCT ycjiOBHHM opToronajibHOCTH (|7ip . pascHCTBaM " vhhhtohcchhh" (|73p h ycjiOBHio (|75p hjih (j76l) . KOTopoe 

CBHSblBaCT MaTpHIl,y BpamCHHH H BCKTOp yrjIOBOH CKOpOCTH. PaCCMaTpHBaCMaa H3 J[a6opaTOpHOH CHCTCMbi 

S 3Ta MaTpHii,a hmcct bh/i, (|82p h noflHHHHCTca ypaBHCHHio ()87p . t.c. hc jibjihctch BpamcHHCM. Co6cTBCHHaa 
HpcH,eccHH ToMaca cctb HacTHbiii cjiynaii coGctbchhofo BpamcHHH. CjicflOBaTCjibHO, mojkho cflCjiaTb BbiBOfl, 
HTO HC cymecTBycT Hpeii;cccHH ToMaca, HOHHMaeMoii KaK hhctoc Bpamcnne othochtcjibho j[a6opaTopHOH 

CHCTCMbi OTCHCTa S, J TCJia, C06cTBCHHbIC pa3MCpbI KOTOpOrO COXpaHHiOTCH. HpOCTOH BCKTOpHblH BHfl HpC- 

ii,cccHa ToMaca hmcct TOJibKO b coHyTCTByiomeii chctcmc OTCHCTa. no3TOMy ^jih cpaBHCHHH pa3JiHHHbix 
y>KC HMeiOHpixcii BbipajKCHHH flj[H HacTOTbi npcn,cccHH ToMaca hco6xo;i,hmo Bbi6HpaTb hc jtaGopaTopnyio, a 
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co6cTBeHHyio CHCieMy OTcneTa. 

C noMombK) npHMoro h oSpaTHoro saKona cjiojKeHHs CKopocTeft (|18p . (|19[) b pa3;i,ejiax 4 h 5 Sbijio Haft- 
;i,eHO npeo6pa30BaHHe co6cTBeHHOH D;eHTpoa4)cl3HHHOH CKopocTH (i.e. TensopHoro KoacJxJjHi^HeHTa MCJKfly 
CKopocTBK) H KOopflHHaTOii) HSMepHCMOH B CHCTCMe fc B acJicjaHKHyK) CKopocTb HSMepaeMyio B jia6opaTopHOH 
CHCTCMe. B pasflejie 4 6mjio BbinHCjieno npHMoe (I94p . a b paa^ejie 5 - o6paTHoe npeo6pa30BaHHe b CHCTeiviy 
k (jllSp . nojiyHeHHbie 4)opMyjii>i OKasajiHCB, aobojibho rpoM03/i,KHMH, ho na npaxTHKe HHTepecna ne caMa 
a4)<33HHHaH CKopocTb MajiOH o6jiacTH, a ee yrjiOBaa CKopocTb BpameHna rjiaBHbix oceii h CKopocTb ee pacTH- 
JKCHHH no rjiaBHbiM ocaM. J^Jisi 3thx bcjihhhh TaKJKe Gbijih HaitfleHbi 3aK0Hbi npeo6pa30BaHHH (J104I) . (jlOSp h 
p2ip . p22p . EcjiH B CHCTeMe s sjieMenT cnjioniHofi cpeflti ne flSHraeTca, to b jia6opaTopHOH CHCTeMe S ero 
rjiaBHbie och BpamaiOTca c yrjiOBOft CKopocTbio (jlOSp h TeH3opoM CKopocTH flecJjopiviai^HH (|109p . Hs (|94l) hjih 
pOSp . p09p cjie;i,yeT, hto BbipascenHe fljiH npei^eccHH ToMaca b jiaSopaTopnoii chctcmc OTcneTa HMeex ne 
BeKTopHbifi, a o6Ln,HH (HeaHTHCHMMeTpHHHbiii) TeH3opHbiH BHfl. TaKJKe B naparpaejje 4 6bijio noKa3aHO, ^^ito 
npH HeHHepi^najiBHOM flBHJKenHH h scecTKOM coScTBenHOM BpamennH Tejia c HacTOTOii a; b jia6opaTopHOH ch- 
CTeMe cymecTByiOT flBe hjiockocth, b KOToptix sto tcjio KHneMaTHHecKH ne /],e4)opMHpyeTCH: sto hjiockocth 
nepneHflHKyjiapHbie BSKTopy CKopocTH lejia V h BexTopy u;xV — V/(l — V'^). 

nojiyHeHHbie b pa3/i,ejiax 4 h 5 npeo6pa30BaHHH a4)4)HHHOH CKopocTH b pa3/i,ejie 6 6bijiH npHMeneHbi k 
BpamcHHio TBcpfloro Tejia. IIpH stom 0Ka3ajiocb, hto ecjiH nepBOHanajibHO Bpamenne Tejia othochtcjibho 
Ha6jiioflaTejia b jia6opaTopHOH CHCTeMe aBjiajioct jkbctkhm, to npii nojiojKeHHii Ha6jiioflaTejia na nepiicJiepHH 
Tejia, OHO flBHracTca, BOoGme roBopa, nejKecTKO (|128l) . CnpaBe;i,jiHBO h o6paTHoe. ^KecTKOCTb flBHJKCHHa Tejia 
coxpanaeTca tojibko fljia cjiyiaa paBHOMepnoro Bpamenna TCJia. CoScTBeHnaa yrjiOBaa CKopocTb Bpamenna 
rjiaBHbix oceft Majiofl oGjiacTH TBep^oro Tejia tohck ^jia cjiynaa nepaBHOMepHoro Bpamenna 6yfleT paBna 
p26p . B cjiy^ae, Korfla tcjio paxpynHBaeTca (J7|| J7 ), jiOKajitnaa yrjiOBaa CKopocTb rjiaBHbix oceii ne saBiiciiT 
OT ero yrjiOBoro ycKopeniia ii paBna (jl27p . IlepBbiH ijien 4)opMyjibi (|126p 6biji Haitflen b 115] h b |141 c. 59]. 
KpoMe Toro, ecjiii paccToaniie MCJKfly ^ByMa xoHKaMH OTHOCiiTejibHO Ha6jiioflaTejia naxoflameroca b ii,eHTpe 
HepaBHOMepHO Bpamaionieroca TCJia coxpanaeTca, to npii cflBiire Ha6jiioflaTejia 3to paccToaHne 6yfleT iismc- 
HaTbca ^ajKe b GjiiiJKHeii OKpecTHOCTii Ha6jiioflaTejia. ^Jia TBepfloro Tejia pe3yjibTHpyioiii,iiH K034)4)Hii;HeHT 
co6cTBeHHoro pacTajKenna nepii(]Depiiii (|135p OKaaajica coBna/i,aioiLi,HM c H3BecTHbiM 3HaHeHHeM. CoBna^e- 
Hiie paccHHTaHHbix jiOKajibHbix yrjiOBOii CKopocTii h OTHOCHTejibHoro pacTajKeniia jkbctko Bpamaiomcroca 
TBepfloro Tejia c yjKe nsBecTHbiMii 3HaHeHiiaMH kocbchho CBii^eTejibCTByeT o6 hctiihhocth npeo6pa30Ba- 
HHa JIMH II npeo6pa30BaHHa a4)(]DiiHH0H CKopocTii (|94p . (jlisp . TaKHM oGpasoM b n. 6 4)aKTHTiecKH 6bijio 
noKa3aHO OTcyTCTBiie napaflOKca DpencjjecTa, corjiacHO KOTopoMy b jiaSopaTopnoii ciiCTCMe nepiiMCTp Bpa- 
mammeroca fliiCKa aKo6bi coKpamaeTca no JIopenii,y n flncK npn yBejinHenini paflnajibnon CKopocTii flOJiJKen 
cjKHMaTbca. Ha caMOM ^ejie kpomb jiopeHi],eBa coKpameniia iiMecTca eme n afinniTeHHOBCKoe pacTajKenne 
Maiepnajia flncKa, TaK, hto KOM6HHaii;Ha sthx scJ^Jjcktob npHBOfliiT k TOMy, hto OTHOCHTejibno S pasMepbi 
;i,HCKa ne iiSMCnaiOTCa. 

B pa3flejie 7 STOii CTaTbii, 6bijiH flOKa3aHbi eflnncTBennocTb npeo6pa30BaHHa JIMH ii ero 4)opMHHBa- 
pnanTnocTb npn 6ycTe. npeo6pa30BaHHe JIMH fljia nfleajibno jKecTKon cncTCMbi OTcneTa aBjiaeTca e^nn- 
CTBennbiM nepexoflamHM b o6biTiHoe npeo6pa30BanHe JIopenii,a, nocKOJibKy CBO/i,HTca k flnclxJaepenn^najibnoMy 
npeo6pa30BanHio JIopeHii,a b cjiynae, Korfla co6cTBeHHoe ycKopenne n Bpamenne OTnocHTCJibno conyTCTBy- 
lomeH CHCTCMbi OTCieTa o6jiaflaioiii;eii npeii;eccHeii ToMaca OTcyTCTByei. KpoMe Toro, sto npeo6pa30Baniie 
TaKJKC 4)opMHHBapiiaHTHO OTnocHTejibno npon3BOjibHoro 6ycTa, npnneM napaMCTpbi npeoGpasoBanna iismc- 
naiOTca corjiacno (|)opMyjiaM p47p , p66p . Hpn TaKOM SycTe cncTCMa OTC^iCTa iicnbiTbiBaeT ^onojinnTejibHoe 
co6cTBeHHoe Bpain,enHe BnrHcpa xapaKTepH3yioiii,eeca MaTpHn,eii b"^ (|175p . Yroji noBopoia onpeflejiaeMbiit 
3T0fl; MaTpHn;eii paBcn (|179p . psip hjih b flpyroii 4)opMe (jl82p . BbiHHCjieHHe yrjia noBopoTa BHrnepa, nojiy- 
leHHoro npH flOKaaaTejibCTBe 4)opMHHBapHaHTHOCTH conijiocb c yjKe iiSBecTHbiM (nanpHMcp [22, 4)opMyjia 
(20)]). TaKJKe noKa3aHO, hto BpameHHe BnrHepa h npen;eccHa ToMaca aBjiaiOTca pa3jiHHHbiMH abjiennaMn, 
xoTa H Tecno CBa3annbiMH ()184p . 

B pasflejie 8 STOii CTaTbii 6bijia sanncana 4-MepHaa tJaopMa p90l) o6iLi,ero npeo6pa30BaHHa JIMH, rflc 4- 
BeKTopbi TeTpaflbi paBnbi p87l) . XapaKTepncTHKii jkcctkoh cncTeMbi OTCieTa s' cjjopMnnBapnanTnbi ii hmciot 
4-MepnbiH TCTpa/^nbiH cmhcji p96l) . p97p . 

B 9 pasflejie 6bijiH npeflCTaBjienbi flH(]34)epeHii,HajibHbie ypaBnenna (|21ip . (|212p pemaion^ne o6paTHyio 
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saflany pejiHTHBHCTCKoft KHneMaTHKH, T.e. BOCCTaHOBjieHHH napaMeTpoB o6mero npeoGpaaoBanHH JIMH no 
HSBCCTHbiM co6cTBeHHOMy ycKopcHHio H yrjiOBOH CKopocTH. SnaHHe co6cTBeHHoro ycKopenHH h yrjiOBOft cko- 

pOCTH KaK 4)yHKI],HH Co6cTBeHHOrO BpeMCHH nOJIHOCTBK) Onpe;],ejIHeT BeCb KJiaCC (|)H3HHeCKH SKBHBajieHTHblX 

CHCTCM OTCHBTa nyTBM peineHHH npocTbix no Bn/iy flH4)4)epeHn,Hajibnbix ypaBnennii nepBoro nopaflKa. TaKHM 
o6pa30M, ppvDKeTme xcecTKOii cncTeMbi s' c nsBecTHbiMn xapaKTepncTHKaMn mojkho nojinocTbio onpe^ejinTb 
peniaa o6paTHyio 3a/i,any KnneMaTHKn, T.e. nejinHennoe BeKTopnoe flH4)ypaBHeHHe nepBoro nopaflxa (|211l) 
H CHCTeMy (|76p . r^e a;' yflOBjiCTBopaeT (|212p . K coacajieHnio, flanntie /i,H4)4)epenn,Hajibnbie ypaBnenna pe- 
maiOTCH anajiHTHHecKH bh^hmo fljiH orpannnennoro Kjiacca neHHepn,Hajnjnijix chctcm OTCHCTa. OflnaKO c 
pasBHTneM Hncjiennbix mcto^ob h Texnojiornn ^asKe Hncjiennoe penienne oGpainon sa^ann KnneMaTHKn 
npeflCTaBjiHCT HHTcpec. 

B pasflejie 10 noKasano, nTO nsBecTnoe rnnep6ojiHHecKoe ;i,BH>KenHe HacTnn;bi nofl fleiicTBneM nocToan- 
Hoit cnjibi B 5* ne nMeeT OTnomenna k aa^ane o paBnoycKopennoM flBnjKennn. Haxo^HTca TaKJKe BbipajKenne 
4-CHjibi B CHCTeMe S ^epes BejiHHHHbi OTHOCinn,necH k co6cTBeHHOH cncTeMe OTcneTa (j223[) . HanSojiee 06- 
m,ee npeo6pa30Banne b paBnoycKopennyro cncTCMy OTCHCTa Moscno naiiTH KaK pemenneM oGpaTnoii aaflann 
KnneMaTHKn (|211l) . (|212l) . laK n npocTbiM jiopenn,eBCKnM 6ycT0M, KaK 6bijio Cflejiano b pasflejie 7. 3to 
CBHfleTejibCTByeT KaK o npasHjiBHOCTn npe/i,jiaraeMoro nopa^Ka pemenna o6paTHOH aa^ann, TaK n o Kop- 
pcKTHOCTn npeo6pa30BaHHH JIMH. KpoMC Toro, 6bijiH BbiT^HCjienbi napaMeTpbi paBnoycKopennoii cncTeMbi 
OTCHBTa p26p - (|228l) . (|235ll . B KanecTBe nesaBHcnMofi npoBepKH ypaBnenna (jl84p 6bijin Bbinncjienbi ^^lacTOTbi 
npen,eccnn ToMaca (J248I) n Bpanienna Bnrnepa (|242l) paBnoycKopennoii cncTeMbi. OKasajiocb, hto 3th na- 
CTOTbi B3anMno KOMnencnpyroTca n pe3yjibTnpyroni,ee Bpanienne paBnoycKopennoH cncTeMbi s' paBHO nyjiro, 

KaK H flOJIJKnO 6bITb. 

B 1 1 pasflejie npeflCTaBjiena 6ojiee yflo6Haa aannct o6m,ero npeo6pa30BannH JIMH (|260p , (|26ip n 3aKon 
npeo6pa30BannH CKopocTn (j274p . (j275p n3 cncTeMbi S b s'. YaoSctbo 3aKjnoHaeTCH b tom, hto xapaKTe- 
pncTHKaMn flBn^KennH Tejia 6yflyT MaTpHn,a BpamennH n napaMeTp v'(i) aBjiaron^nnca pemenneM ^ncjxjje- 
peHn,Hajn>Horo ypaBnenna (|21ip fljia o6paTnoH 3aflaHH KnneMaTHKn. 3tot napaMeTp b cbokd onepeflb Sbiji 
BbipajKen nepe3 V'(t) (ypaBnenne (|285p ). aBjiaK)m;HHca CKopocTbio nanajia OTcneTa b hoboh cncTeMe ko- 
opflnnaT S, KOTopaa noBepnyTa OTnocHTejibno CTapoii c MaTpHu,eH noBopoTa a"^. KpoMe Toro, oSpaTnoe 
npeo6pa30BanHe JIMH TaKJKe BbipajKeno Hepe3 stot napaMeTp V'(i) n xapaKTepncTHKn npoH3BOjibnoH 
iKecTKOH CHCTeMbi OTcneTa s' . HosTOMy oSpainoe npeo6pa30BanHe JIMH (|287l) . (|290p 3anHcannoe b TaKoii 

4)0pMe MOJKHO CHHTaTb o6ni,HM. 

no;i,biTO>KHBaa mojkho c^ejiaTb o6ni,HH BbiBOfl o tom, hto o6ni,ee npeo6pa30Banne JIMH aBjiaeTca Kop- 
peKTHbiM Hpeo6pa30BaHHeM b jKecTKyio HennepH,HajibHyK) cncTeMy OTcneTa. BbiTeKaioni,ne n3 nero 4)H3n- 
necKne cjieflCTBHa neTpHBHajibnbi, corjiacyroTca ppyr c ^pyroM n c peayjibTaTaMn nojiynenHbiMn flpyrnMH 
aBTopaMH. /I^annoe npeo6pa30BaHHe cjie^yeT hojio^khtb b ocnoBy H3jiO}Kenna CTO b npHBHjiernpoBaHHbix 

CHCTeMaX 4-KOOpflHHaT. 

Abtop BbipajKaeT 6ojibniyK) npHsnaTejibHOCTb npocjjeccopy H. F. MnrpanoBy 3a HOjie3Hbie oGcyjKflenna 
H nofl/];epjKKy. 



45 



CnHCOK JiHTepaTypM 



[1 

[2 

[3 

[4 

[5 
[6 

[7 

[8 

[9 

[10 

[11 
[12 

[13 

[14 

[15 

[16 
[17 
[18 

[19 
[20 
[21 
[22 



Jl.fl,. Jlan^ay, E. M. JlH4)mHLi,. TeopHH nojiH, M., Hayxa, 1988 

B. Mashhooii. The hypothesis of locality in relativistic physics, Physics Letters A, Volume 145, Issue 4, 
p. 147-153. 

S.N. Lyle. Rigidity and the Ruler Hypothesis. Fundamental Theories of Physics, 2010, v. 167, p. 61-106. 

B.B. BOHTHK. O BJIHSHHH yCKOpCHHa Ha npHMOJIHUefiHOe /IBHJKCHHC JKCCTKOrO CTCpjKHH. 1. /I,JIHHa H 

CKopocTB. BecT. Heji. roc. ynnB. OnsHKa, J(s7 (222), Btra. 9, 2011, c. 44-49 

O.C. HBaHHii,Kaa. 06o6n;eHHHe npeo6pa30BaHHH JIopeHD;a h hx npHMeueHHe, Hayxa h TexHuxa, 1969, 
1-228 c. 

H.A. Lorentz.. Zittingsverlag, Acad.Wet, Amsterdam Proc, 7, s. 507 (1898-1899), p. 427 
(u,HT. no KH. A. A. TanKHH, 06 hctophh BoanHKHOBenHa "tcophh OTHOCHTejibHOCTn" , 



http://www.h-cosmos.ru/papers/thist.htm). 



C. M0ller. On Homogeneous Gravitational Fields in the General Theory of Relativity and the Clock 
Paradox, Trans. Dan. Acad. Sci., 2(1943), JY219, 3-25. 

R.A. Nelson. Generalized Lorentz transformation for an accelerated, rotating frame of reference, J. 
Math. Phys., 28(1987),pp. 2379-2383. 

R.A. Nelson. Erratum: Generalized Lorentz transformation for an accelerated, rotating frame of 
reference, J. Math. Phys., 35(1994), pp. 6224- 6225. 

B.B. BOHTHK. O BJIHSKHH yCKOpCHHH Ha HpHMOJIHHeHHOe flBHiKCHHe JKBCTKOrO CTCpjKHH. 2. PaCCHHXpO- 

HH3au;HH HacoB. BecT. Heji. roc. yuHB.. OnanKa, }('^7 (222), Btm. 9, 2011, c. 50-54 

H. Nicolic'. Relativistic contraction of an accelerated rod. Am. J. Phys., V. 67, L 11, pp. 1007 (1999) 

C.C. CTenanoB. npen,eccHH ToMaca ^jih chhhob h CTepjKHCii. cDnsHKa sjieMCHTapHbix nacTHu, ii aTOMHoro 
sApa, 2012. T.43, BBra.l. C. 246-282 

W.M. Irvine. Electrodynamics in a rotating system of reference. Physica, 30, X^ 6, 1160-1170, 1964 

C.A. no;i,oceHOB. HpocTpancTBO, BpeMH n KjiaccH^recKHe nojiH CBHsanHbix cipyxTyp, M.; KoMnaHira 
CnyTHHK+, 2000, 445 c. 

n. 3peH4)ecT. PaBHOMcpHoe BpamaTCjibHoe flBHJKeHue TBep/i,bix tcji h Tcopna OTHOCHTejibHOCTH, b c6. 
CTaTCH "OTHOCHTejiBHOCTB. KBaHTM. CTaTHCTHKa" , M., "HayKa" (1972), 360 c. 

V.V. Voytik. The general form-invariance principle. Grav. and Cosm., v. 17, No. 3, 218-223, 2011 

M. Mnsnep, K. Topn, flx. YHjijiep. ^paBHTa^HH. t.1, M.: Mup, (1977), 480 c. 

B.B. BaTbirnn, II.H. TonTbirnH. CoBpeMCHHaH 3jieKTpo/i,HHaMHKa. HacTb 1. MnKpocKonnT^ecKaa Tcopna, 
MocKBa-HiKCBCK: HHII, Peryjiapnaa: n xaoTHHecKaa flnnaMHRa, 2005 

K. Mejijiep. Teopna othochtcjibhocth, 2-e hs^., M., ATOMHSflai, 1975, 400 c. 

H.P. Stapp. Relativistic Theory of Polarization Phenomena, Phys. Rev. 103, 2, pp. 425-434, (1956) 

B.H. PHTyc. >K3TcI), 40, 352 (1961) 

B.H. PHTyc. O pasjiHHHH noflxoflOB BHruepa h Mejijiepa k OHHcauHio npeLi;eccHH ToMaca, y<DH, t. 177, 
N«-l, c. 105-112, 2007 

46 



[23] B. Mashhoon, U. Muench. Length measurement in accelerated systems, Annalen Phys., 11(2002), pp. 
532-547. 

[24] D. Alba, L. Lusanna. Generalized Radar 4-Coordinates and Equal-Time Cauchy Surfaces for Arbitrary 
Accelerated Observers, Int.J.Mod.Phys., D16:1149-1186, 2007 

[25] A. A. JloryHOB. JleKiiHH no TeopnH OTHOCHTejitHOCTH h rpaBHTau,HH: CoBpeMenHbiii anajins npo6jieMbi, 
M., HayKa, Fji. pe^. cjdhs. - MaT. jiht., 1987. 

[26] B. IlayjiH. Teopna OTHOCHTCjibHOCTH, 3-e hs/i,., M., Hayxa, Fji. pe^. 4)H3.-MaT. jiht., (1991), 328 c. 

[27] r.B. MajiMKHH, r.B. HepMHTHH. ToMacoBCKaa: npen,eccHH. b kh. «<I>H3HHecKaH 3Hn,HKjioneflHH», t. 5. M., 
BP3, 1998, c. 123 

[28] A.A. JloryHOB. O npcAeccHH ToMaca, npenpHHT 98-85, FHIi; PO HOB3, 1998 

[29] A.H. Jlypte. AnajiHTHHecKaa MexauHKa, M., Foe. nsfl. 4)H3.-MaT. jiht., (1961), 825 c. 

[30] F.B. MajibiKHH. Ftpeu^eccHa: ToMaca: KoppcKTHbie h HCKoppeKTHbie penienHH. y<l>H. t.176, K^ 8, c. 865- 
882, 2006 

[31] JX-A. BapmajiOBHH, A.H. MocKajieB, B.K. XepcoHCKHii. KBanTOBaa Tcopna yrjiOBoro MOMCHTa, HayKa 
, JlcHHHrpafl. OTfl., Jl., 1975, 1-439 



47 



